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SESSION A

The Effects of Dose, Dose Rate, and Depth
Dose Upon Radiation Mortality

Eugene P. Cronkite

Medical Research Center, Brookhaven National Laboratory

There are three objectives in this paper. First is an
illustration of the lethal syndromes induced by whole
body irradiation. Second is the demonstration of the
effect of depth dose curves on mortality including
neutron depth dose curves measured in Nevada from
a nuclear bomb explosion. Third is the effect of dose
rate on repair of radiation injury.

Symptomatology Induced by Whole
Body Irradiation

The symptomatology induced by whole body irra-
diation varies with dose and time after irradiation.
After very high doses of radiation, on the order of
many thousands of rads (> 2000) exposure, in a short
period of time, the predominant symptomatology is
related to injury of the nervous system with ataxia,
convulsions, coma and early death. At a lower range
of radiation of several hundred to a few thousand rads
(600-2000), the predominant symptomatology is re-
lated to injury to the gastrointestinal tract with nau-
sea, vomiting, diarrhea, dehydration, and death. At
lower doses of radiation on the order of a few hundred
rads (200-600), the symptomatology observed is re-
lated to 1) depression of blood cell formation, primarily
hemorrhage from a deficiency of platelets, 2) infection
as a result of deficiency of granulocytes required to
fight infection, and 3) anemia, a result of hemorrhage
and the cessation of blood cell production. There is
considerable overlapping of these three syndromes.
The one that we are concerned with, in the 50% lethal
dose range of radiation (LDs), is the hematological
syndrome. In this syndrome, there will be, to a certain
extent, gastrointestinal symptomatology in the early
days from which individuals usually survive to expe-
rience the hemopoietic syndrome.

Estimation of Human LD;, Dose of
Radiation

Before one can consider the effects of radiation on
man it is necessary to have some appreciation of the
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dose of radiation that is supralethal, will kill a graded
fraction of people, and an approximation of the maxi-
mum sublethal dose of radiation. An approach to this
problem was presented some years ago by Cronkite
and Bond [1]. Data from exposure of dogs, Japanese
atomic bomb casualties, and from Marshallese ex-
posed to fallout radiation led to a relatively low air
dose of radiation (350 rad) for the 50% lethal dose
(LDso/e0), the dose that will kill 50% of exposed people
in a 60-day period if given no therapy.

Jacobs et al. observed a good correlation between
depression in the granulocyte count in the blood of
Japanese atomic bomb casualties and mortality [2].
Similar observations were made on dogs exposed to
nuclear bomb gamma rays. Marshallese exposed to
175 rad in air fallout gamma radiation had a moderate
depression in granulocyte and platelet counts but
there were no bacterial infections, thrombopenic
bleeding or mortality. They received no specific ther-
apy such as antibiotics or blood transfusions. It is
believed that an additional 50-75 rads would have
placed them in the low lethal dose range in the vicinity
of 225-250 rads. In Figure 1, likely and unlikely human
LDs, curves are plotted. The low lethal point is an-
chored at 250 rads in air for a fallout field. Most large
animal lethal dose curves are relatively parallel. One
can then draw a curve parallel to the dog LDs, curve
as seen in Figure 1. The LDs is about 350 rads in air
for a fallout gamma field and 100% mortality around
500 rads where it is believed few if any human beings
would survive unless given extensive antibiotics, trans-
fusion therapy, and/or bone marrow transfusions.
The latter are impractical in the presence of mass
casualties. The above approach admittedly is a best
“guesstimate” of air dose LDs, for man from a planar
source as in a semi-infinite fallout field.

The Effect of Energy of Radiation on
Depth Dose Curves

The distribution of dose throughout tissue varies
considerably with the energy of radiation and with the
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geometry of exposure. The influence of energy is illus-
trated in Figure 2 and is taken from Bond et al. [3].

Figure 2 shows a series of depth-dose curves. Curve
(a) is 250 kVp x ray. From the scatter of the radiation,
one has an actual buildup in the first few centimeters
of tissue and then a very sharp drop-off so that the
exit dose is approximately 15% of the air entrance
dose. With 2000 kVp x ray, curve (b), there is a slight
buildup in the first two or three centimeters of tissue
and then a diminution so that the exit dose is approx-
imately 30% of the entrance air dose. Curve (c), which
are actual measurements made in nuclear bomb tests
in Nevada, shows much less falloff in the prompt
gamma radiation from the nuclear bomb and a very
slight buildup in the first couple of centimeters. Curve
(d) shows the curve for cobalt-60. One can see that
there is a considerable difference in the deposition of
energy in unit density material, or tissue equivalent
material, as a function of the depth in the tissue. Since
the target cells for the hematopoietic syndrome are
the stem cells for perpetuation of hematopoiesis, it is
really the dose to these cells that is important. They
are distributed widely throughout the bone marrow
and only under certain circumstances will there be a
uniform dose to all target cells.

The Effect of Geometry of Exposure
upon Depth Dose

The effect of geometry of exposure is shown in
Figure 3. In this figure the dose is expressed as percent
of surface dose. With unilateral exposure the exit dose
is 46% of the entrance surface dose. Note that the air
dose is about 85% of the surface dose because of back-
scatter increasing the surface dose. When one-half of
the total dose is delivered to opposite sides of the
phantom, the surface dose from each side is obviously
50%. When exposed on the other side one adds for
each depth the dose from the opposite exposure ob-

taining a relatively uniform depth dose curve of about
73% of the surface unilateral exposure dose.

The Effect of Geometry of Exposure
upon Mortality

This subject was studied years ago in the context of
laboratory and field atomic bomb exposures of swine
to high energy x ray and to atomic bomb gamma
radiation by Tullis et al. [4, 5]. In civil defense planning
one is concerned mainly with fallout. Unfortunately,
there are no large animal studies on the effect of bomb
neutrons or fallout gamma radiation on mortality in
large animals.

Tullis et al. published data on determination of the
LDs in swine and these are shown in Figure 4 [4, 5].
The doses are expressed as R in air. Unilateral 2000
kVp x rays yielded an LDso of 400 R in air. Bilateral
2000 kVp x rays produced an LDs, of 400 R in air. The
LDso from initial bomb ganima radiation expressed as
R in air was 230 R. These air doses when converted to
midline tissue doses on the basis of the comparative
depth dose curves in Bond et al. are 300 R, 220 R, and
184 R [3]. These differences are in part explained by
there being essentially no inverse square effect with
bomb gamma since the distances from the source are
great. In the case of unilateral radiation, the tissues
distal from the midpoint receive much less radiation,
thus fewer hemopoietic stem cells critical for survival
are killed.

In real life situations air doses or dose rates are
made available by instruments or dosimeters and
these are what must be used.
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Fig. 5 Fast atomic bomb neutron depth dose curve in tissue
equivalent solution. From Bond et al. [6]

and then increases to 40% of the incident air dose at
the exit. The buildup between 17 cm and the exit at 27
cm and the shape of the curve show that the source of
neutrons is scattering from air back into the phantom
and that the neutron dose in tissue equivalent material
is rapidly attenuated.

From this depth dose curve it is difficult to “guess-
timate” the probable LDs for man. The fall-off is
about what one would expect with 100 kVp x rays so
far as the descending part of the curve is concerned.
The increasing dose towards the backside would tend
to increase the kill of hematopoietic stem cells in that
region compared to midline killing of hemopoietic
stem cells. The maximum relative biological effective-
ness of fast neutrons for killing hematopoietic stem
cells is about 2. The survival curve for hemopoietic
stem cells is known. In principle, one could calculate
the incident neutron dose required for killing the same
fraction of stem cells as with the gamma depth dose
curve that yields an estimated human LDj, of 350 rads
air dose. This has yet to be done.

Fallout Gamma Depth Dose Curve

Fallout radiation is a major problem for civil defense
planning. There is some human experience with acci-
dental exposure of people to fallout as a result of the
accident on 1 March 1954 that exposed Marshallese,
American servicemen, and Japanese fishermen to fall-

out radiation [7]. The fallout material stuck to trees,
Marshallese houses, the ground, and on the people
themselves. The gamma radiation comes from all di-
rections from the semi-infinite planar source of the
fallout field. The beta component may produce beta
burns that could be portals of entry for infection if
there is sufficient gamma exposure to produce a
marked depression in the granulocyte count. Many
features about the accident were unique. Individuals
were lightly clothed. It was in the humid tropics.
Fission products were attached to calcium oxide, or
slaked lime, produced by the incinerated coral, and
particles stuck to the exposed skin and to the clothes.
Such conditions probably would not prevail in the
continental U.S. See reference 7 for details.

The fallout arrived approximately 4 to 5 hours after
the detonation. The evacuation was at 51 hours after
the detonation. During a 48-hour period, there was an
accumulation of approximately 175 rads in air to these
people. The dose rate at the beginning was greater
than it was at the time of evacuation, falling off by
t™'2. The average dose rate was about 3.7 R per hour.

The energy distribution of the source fallout mate-
rial is described in reference 7. The energy in keV
varies from a few keV up to about 1700 keV. The
gamma energies lower than 80 keV will be very poorly
absorbed, resulting in a higher dose to the surface of
the body; radiation from source material with greater
keV will be highly penetrating as shown on the depth-
dose curves presented earlier. The combination of the
bath of beta particles and the wide energy spectrum
results in a high surface dose of radiation. For example,
in Figure 6, the depth dose curves for initial bomb
gamma radiation and a residual field of fallout in
Nevada are plotted. The measurements were made by
Sievert ionization chambers implanted in Masonite
phantoms [7]. The doses are plotted as percent of the
3 cm dose. Note the sharp increase in the dose between
the surface and the 3 cm point to 8 times the 3 cm
dose at the surface. Also note the very flat depth dose
from 3 cm beneath the surface on one side to 3 cm
beneath the surface on the other side. Thus, in terms
of the dose at 3 cm in a phantom from fallout and
initial gamma radiation, the fallout field will have a
somewhat greater biological effect in killing hemo-
poietic stem cells and thus on mortality.

A problem arises in measurement of dose rates from
fallout fields. If the energy cut-off of the instrument is
too low, the effective dose in air would result in pre-
dicting a biological effect greater than in fact would
happen. The Sievert ionization chambers being very
small and implanted in the Masonite (tissue equiva-
lent) phantoms measure the dose delivered to succes-
sive depths in tissue. It is suggested that the radiation
dose rate dosimeters should have an appropriate cut-
off so that they will correspond to the dose rate at
about 2-3 c¢m in tissue equivalent materials. Whether
this has been considered is not known to this author
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Fig. 8 Comparison of depth dose curves from initial bomb
gamma radiation and from a fallout field in Nevada. From Cronkite,
Bond, and Dunham [7]

nor is it clear to this author how one can convert a
measured air dose rate to a meaningful midline tissue
dose rate without more information than has been
available to this author.

Dose Rate Effects on Mortality and
Repair of Radiation Injury

Bateman, Bond, and Robertson analyzed mortality
data in the literature and came to the conclusion that
the 50% effective dose rate varied linearly with the
reciprocal of the cube root of the radiation dose [8]. In
general with dose rates greater than 1 rad per minute,
the effectiveness per rad in killing increased; with dose
rates less than 1 rad per minute the effectiveness per
rad for killing diminished. At the U.S. Naval Radio-
logical Defense Laboratory, studies on effect of vary-
ing dose rates on mortality in sheep and swine were
carried out [9, 12]. Nachtwey, Ainsworth and Leong
determined the single dose LDs, in swine [9]. At inter-
vals after a single sublethal exposure to 240 or 265 R,
they determined the LDs in these swine. They con-
cluded that by 3 days after exposure to the above
sublethal doses, 51% of the injury had been repaired,
by 7 days 65% of the initial injury, and by 20 days the
swine appeared to be more radioresistant than non-
exposed swine. These studies do not reflect chronic
exposure but do demonstrate that radiation injury is
repaired insofar as mortality response is concerned.

Hanks et al. exposed sheep to 165 R at dose rates of
0.5, 0.95, 1.85, and 3.90 R/hr [10]. The acute LDs, was
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determined immediately after the 165 R exposure by
exposing sheep to graded doses of “Co gamma radia-
tion at 10 R/min. The results are shown in Table I
Note that the negative values for residual injury after
completion of 165 R at 0.5 and 0.95 R/hr implies
increased radioresistance. At the higher dose rates,
residual injury of 75 and 104 R remain. Roentgens
repaired per hour vary from 0.58 at 0.50 R/hr exposure
to 1.49 R/hr at an exposure rate of 3.9 R/hr. The
repair per hour is greater at the higher dose rate but
is still less than the dose rate so that injury accumu-
lates at a greater rate than it is repaired.

Ainsworth et al. have studied the effect of continu-
ous irradiation at different dose rates on mortality in
sheep [11]. As the exposure rate is decreased from 670
R/hr to about 25 R/hr, the LDso/s0 increases linearly
from about 230 R to 330 R. When the dose rate is
dropped to 3.67 R/hr and 2.0 R/hr the LDso/60 in-
creases sharply to about 550 R and 630 R respectively.
It is to be noted that exposure time increases as the
dose rate decreases allowing more time for repair.
From studies such as those described above, it is
certain that in two large animal species, swine and
sheep, the repair processes proceed in parallel with
injury accumulation modifying the lethal effects of a
given dose of radiation given continuously at dose
rates less than 25 R per hour. Between 25 R/hr and
3.67 R/hr there is a sharp inflection in the curve and
the LDs climbs sharply between these two dose rates.

Actual exposures of human beings in fallout fields
will not be at a constant rate since the fallout field will
decay according to the t™'* rule. In addition, it is
assumed that individuals will be exposed intermit-
tently as they emerge from sheltered positions to
perform essential tasks. It is possible that repair will
be more effective during intervals of no exposure or at
lower dose rates as in sheltered positions. It is not
possible with present animal data to extrapolate di-
rectly to man. There are not sufficient data for this
extrapolation and, in any event, one does not know if
man will respond quantitatively the same as sheep
and swine respond in respect to repair of and accu-
mulation of radiation injury. There is, however, no
reason to believe that repair processes do not operate
in man.

The Penalty Table in NCRP Report No. 42 for
decision making in nuclear attacks [12] is one of the
subjects that needs to be addressed. Is it useful?
Should it be disregarded? Should it be revised? One
can really not make a good value judgment on this
issue. In summarizing my attitude towards the Penalty
Table, I would recapitulate that the Marshallese re-
ceived 175 rad in air over a 47-hour interval, average
dose rate of 3.75 R/hour. Their hematopoietic sup-
pression, in my opinion as a clinician, bordered on the
development of infection, hemorrhage, anemia. This,
admittedly, is an opinion. The Penalty Table states
that an air dose of 450 R over one week, or 2!7 R per
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TABLE 1—Injury repaired during exposure to 165 R at various dose rates. Hanks et al. [10]

Dose rate (R/hour)”

0.50 095 1.85 390
LDsoso” 268(224-328) 279(244-323) 162(141-182) 133(106-162)
Residual injury at com- =31 —42 75 104
pletion of protracted ex-
posure (R)*
Roentgens repaired 196 207 90 61
Duration of protracted 340 180 89 42
exposure (hours)
Roentgens repaired/hour 0.58 1.15 1.01 1.49

* Midline air dose rate.

* Determined within a few hours after completion of the protracted exposure.
¢ Calculated by comparing the LD:o.e0 determined at the completion of the protracted exposure with

the single acute exposure LD, of 237 R.

hour, will be an LDs, for man. The USNRDL data in
respect to mortality suggests that one R per hour is
repaired at dose rates of about 2 R per hour, or 360
rads being repaired, leaving a sublethal injury of 82
rads. The accidental chronic exposure of human beings
to ®Co gamma radiation suggests that the observed
repair rates in sheep may apply to man [13]. In this
case the Penalty Tables are far off mark.

It is to be noted, however, that (1) instruments
measure the dose rates in air as roentgens; (2) a single
dose in R from initial bomb gamma radiation is bio-
logically different from the same total dose delivered
over a longer time from a fallout field because of repair
of radiation injury and a different depth-dose pattern
in tissue. The fallout radiation produces a more uni-
form depth-dose curve than the unilateral bomb
gamma, except at the skin surface where the fallout
radiation produces a higher dose.

There are many problems yet to be analyzed further.
I believe the Penalty Table may be improved upon by
careful analysis of the effect of depth-dose patterns on
killing of hematopoietic stem cells. However, signifi-
cant improvement would require much more research
and analysis on the significance of air dose rates from
fallout fields. 1 believe it is particularly important to
evaluate the dose rate meters to be used in respect to
the energy cut off.

Is the energy cut off of the instruments used such
that one can estimate the midline tissue dose realisti-
cally? If this has not been established, it needs to be
established. In the absence of further research one
cannot do much better than the Penalty Table in
NCRP No. 42. It appears to be quite conservative and
protective of human life after a nuclear disaster that
would result in extensive fallout fields.
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SESSION A
Discussion

Victor P. Bond, Moderator

Dr. Bond: Rather than go strictly by speakers and the
contents of their talk, we will orient this discussion
period around general categories of subject matter.
First we will discuss external radiation and its early
effects, the LDso, the Penalty Table, that sort of thing,
then internal emitters, early effects, and then late
effects, which means cancer and genetic effects,
whether they be from internal or external exposures.
We will proceed to the first subject area: External
radiation early effects.

To introduce this, we’re fortunate to have among us
today individuals and groups from other countries. I'd
like to start off by asking Dr. Spiers of the United
Kingdom if he has any remarks on this overall area.
Dr. Spiers: 1 hope that what I have to say will not
raise too much controversy. We have had in the UK
some fairly recent discussions as to what the LDso
might be in terms of marrow dose. We have found, as
Dr. Lushbaugh has so ably said, one or two anchor
points at the bottom end of the scale that we have
used. For dose effects in humans above these anchor
points, his slides showed only too well how few these
data are. He showed a series of accidents and expo-
sures in which, as far as the accident cases go, you
could pick out only one that was free either of trauma
of some physical kind, apart from radiation, or of
excessively non-uniform dose in which very serious
burns had occurred to some parts of the body. It seems
to me that in these circumstances it is not very wise to
include these data.

The person who led all these discussions is someone
you know well, Dr. Robin Mole. I'm sorry that he is
not here. I'm quite certain that he could back up what
I have to say. Nevertheless, the first bottom anchor
point was the fact that in the last two or three years,
considerable radiation doses have been given for the
treatment of disseminated cancer, partly in Canada
and now partly in our country—and I think in this
country, too.

We have at least 20 cases of 300 rads of measured
dose to bone marrow with no deaths recorded. If we
include the cases where there is no physical injury, we
have the Yugoslav accident with only one death and
we have the Oak Ridge Y-12 accident with no deaths.

One is hard put to scrape together more than one
death from among the people who have been given
between 300 and something more than 350 rads to
bone marrow. A recalculation of the dose to bone
marrow really anchors the bottom part of the curve at
between 200 and 350. From there onwards we’ve had
to rely on data from tests on large animals. I cannot
defend this figure—I can only give it as the sort of
guesstimate that we have made—that the LDs; lies
somewhere between 400 and 500 rads to bone marrow.
I agree that this figure is somewhat higher than the
figures that have been given, but it probably is not too
farfetched. However, I think one has to be prepared
for considerable shifts either up or down because the
human data are not there.

Let me put in an entirely non-scientific argument
for choosing a value for the LDs, which is not too low:
If you are going to calculate the consequences, then
you must be conservative and adopt a low value—or
as low a value as you think is reasonable. If, however,
you are in an operational situation in which you are
deciding whether a certain group of people has re-
ceived so much dose that they cannot be rescued or
that nothing can be done about them, then the lower
you put the dose the more you are likely to discard
people who might otherwise be saved. If nothing is
done about them, they will certainly prove that they’ve
had a lethal dose. I think there is reason for not
putting the level, for operational purposes only, too
low. I'm quite sure that scientifically we must try to
find the best value, and, as all our distinguished pred-
ecessors have done, to give a pretty wide spectrum to
that.

Dr. Lushbaugh: Could 1 say something here? I just
wanted to make the point, which I did not make well
in my paper, that all of us who believe in the 450 R or
lower LDso for man believe that this is a number for
austere circumstances. We would agree on a higher
LDs, for the Oak Ridge patients who were hospitalized
for 6 weeks and were given very good care in a clean
atmosphere, and for the Yugoslavians who were simi-
larly housed in a beautiful hospital in Kiray Institute.
We would expect these people to get well, but if you
took a large number of these fellows-and treated them
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as we do our mice and rats, put them in cages, throw
food and water to them and then looked at them every
30 days, we would expect the LDs; to be lower than
450 R.

Dr. Spiers: The next point is one on which I have
made some measurements myself: We used a nearly
omni-directional incidence of radiation, more or less
isotropic, running from quite low energies of about 50
keV up to sodium-24, by using multiple sources and
therefore amply covering the spectrum that we're
talking about; we used a more or less anthropomorphic
phantom that is a real skeleton impregnated with soft-
tissue-equivalent materials out into a rather ugly car-
cass made of PVC—polyvinylchloride—and filled with
the tissue-equivalent materials. We made holes into
the marrow site. With this arrangement, we measured
the average marrow dose for an incident radiation for
all directions. We came out with a figure which is very
close to what you have in fact shown. We would say
that in round terms, the conversion factor is that for
the dose to the red bone marrow of the midparts of
the trunk—not beyond the proximal ends of the limbs:
It is 75% of what you would measure free in air with
a Roentgen meter. Of course, you can convert to rads
in air or to Grays or to anything else you wish, but at
the moment I suspect that, like us, most of your meters
are still air-filled Roentgen meters with Roentgen
scales on them. So for the present, we have used the
figure of 0.75. To quote one piece of Dr. Mole’s work
on the South American accident, that figure is based
on the consideration that, following a dose of about
150 rads, there is an intracellular recovery. If you go
on after that, there is a recovery in dose which is about
10 rads a day. These are two very rounded figures,
based on the experiments with dogs and with sheep
given an initial radiation, and with their LDs, followed
up. This is topped up to a true LDs, dose.

Following Mole’s work, we have adopted a very
simple recovery program: We would say that a dose of
150 given within a day is recoverable and could be, in
long term (60 days or more), neglected. Following that,
you could take a recovery of 10 rads a day without
expecting to worsen the radiation situation, again,
purely in terms of recovery over a couple of months.

I think that is the burden of my talk. It can form
the basis of good operational technique of a rather
simple kind. For example, if you can say 10 rads a day
can be sustained, then very quickly after an event
like a large scale nuclear attack you could begin to let
people out of shelter for very limited periods of time,
say, 20 or 30 minutes a day. This would enable some
things to be done which would break up this business
of going to ground for 2 or 3 weeks. Shortly after that,
you could say, “Well, three hours a day out of shelter”,
and perhaps later, “nine hours a day.” This becomes
almost total release, since very few of us spend all our
time out of doors. I hope that adding this to your
discussion will help.
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Dr. Bond: Thank you, Dr. Spiers for those very
thoughtful remarks. We're also fortunate in having
with us Dr. Trott and some of his colleagues from
West Germany. Dr. Trott was instrumental in putting
together the German equivalent of the Rasmussen
report, and has given a great deal of thought to these
same questions. I would like to ask Dr. Trott now if he
would care to make a few remarks.

Dr. Trott: Thank you, Dr. Bond. It’s difficult after
such a wonderful description to say something else. I
only want to say that in Germany we are very much
concerned about this very low value of LDs. Most of
the evidence we have, especially the recent evidence,
is that many more people who got irradiation of more
than the classic LDso survived than died, so the value
had to be bigger. I think an educated guess of around
500 rads isn’t too far off the truth. But I want to
address another problem which is very critical if you
do something like a reactor safety study. Since the
number of calculated fatalities depends much more on
the slope you give to the LDs, value than on the LDso
value itself, then with decreasing dose, the number of
affected people rises very sharply unless you give an
LDso of 500 rads and start the curves at an LDs, on
the order of 350 rads. You won’t see any people dying
from a radiation dose of 345 rads.

If you look at how these slopes were arrived at, of
course they couldn’t come from human experience
because this fortunately is very scarce. These slopes
come from animal experiments in very good institu-
tions where very much care is taken to have as ho-
mogenous a group of animals as possible. But the
human population isn’t like that. In the human pop-
ulation there are people who are ill, some very ill, and
some have chronic infections. If you look at the type
of damage these people get after total body irradiation,
and if you combine this with the extensive experience
of medical oncologists and hematologists on the treat-
ment of bone marrow depletion syndrome and on the
complicating factors, you immediately come to the
conclusion that it must be a different situation if you
have a very old man with chronic bronchitis with high
temperatures. If you decrease the white blood count
of such a person to less than a thousand, he will be in
very much greater danger than a younger person who
otherwise is completely healthy.

So, because of the inhomogeneity of the population
and of the big progress that medical oncology and
hematology has made in recent times, it’s inevitable
to adopt a much flatter dose response curve to any
LDso value you like than is printed in all the textbooks.
We tried to account for this in the German reactor
safety study and our slope—or standard deviation if
you want to call it that—is about twice the number of
the American one. And I think one should look more
carefully at these problems. This again has many
practical implications. Since the probability of survival
depends so much on factors not related to radiation
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dose, you can influence the probability of survival by
treating the complicating factors in time before the
bone marrow depletion syndrome really sets in. I think
on this line of thought one should give some more
emphasis to this problem.

Dr. Bond: Are there any other individuals from an-
other country perhaps or some organized group that
has given a great deal of thought to this question who
wishes to say anything at this point? Then we'll ask
for individual questions and comments. Be sure to go
to a microphone and to identify yourself.

Dr. Saenger (Cincinnati General Hospital): I don’t
want to say anything about slopes, I wouldn’t under-
stand anything like that, but back in the period from
1960 to 1970 we carried out a series of observations on
patients given whole and partial body radiation at the
University of Cincinnati. Our dose rate never exceeded
something about 6 R per minute and our total doses
got up to about 300 rads. The one thing that I think
was quite impressive in the group of patients who had
had chemotherapy and severe, rather extensive neo-
plasms, was that their hematological clinical responses
were really not in proportion to their degree of illness.
I am not happy with the concept that Dr. Trott gave
that either the old people or the children are neces-
sarily at greater risk because of their age or because of
their infirmity. Further than that, if you look at the
experience in pediatric chemotherapy of tumors, and
see these children at very low blood counts existing in
open wards with a lot of people with other diseases—
this is going back over a period of over 20 years—I
don’t think the concept is entirely correct. 1 was
amazed the other day, when we finally got around to
doing our first case of bone marrow transplant in
Cincinnati, to have one of my colleagues say that this
is really a not very important method of therapy in
the situation we’re discussing today, because of the
use of white cells and the fact that people are more
resistant to depletion of bone marrow. Perhaps all
these related debilitating illnesses are not really that
important in the outcome of the individual given a
particular dose of radiation.

Dr. Trott: I don’t want this to be misunderstood. It is
not the bone marrow sensitivity that is influenced by
the underlying disease but the outcome of the disease.
For example, whether a man dies from infection or not
depends on whether he already has a drug resistant
infection; if you add another complicating factor to
that, then his fate is worse and I would not say that
children are more sensitive—rather, I would say they
are probably more resistant.

Dr. Weinberg (Oak Ridge Associated Universities):
The issue that Dr. Trott and Dr. Saenger just raised
has become peculiarly timely because of the big ar-
gument that is now going on with respect to the actual
dose that one is likely to get from a reactor accident,
especially a pressurized water or boiling water reactor.

The fact that, at Three Mile Island, only 15 curies
came out on the Island, when 60 million curies acu-
tually got into the containment is now believed by
many people not to be a fluke but to be characteristic
of all water reactors. The very important implication
of this finding, if it is indeed sustained, is that, as at
least some people are arguing, the likelihood that there
would be any immediate casualties from a reactor
accident might be far lower than is computed either in
the Rasmussen Report or in the Burkhoffer Report. 1
therefore would like to ask Dr. Trott if he would be
willing to state, given his slope, whether there is, in
fact, any threshold below which he would concede
there is no immediate casualty.

Dr. Trott: Of course there is a threshold. It just de-
pends on which one you take. If you go down to very
low probabilities, you have to look at those figures on
patients who were severely ill, got total body irradia-
tion and died from it. Dr. Lushbaugh knows the data
best, because his were the best data on this problem.
It should be around 100 rads for very severely ill
people. You just go down along with your curve, but
again it’s a matter of choice whether you go down to
150 or 100 rads.

Dr. Weinberg: 1 just want to ask Dr. Trott about the
slope because, as I understand the problem of slope
on a probability plot, as you decrease the slope so that
it becomes flatter, you would put the LD;, pointer
through the 50% point. Now you say you put the
bottom of that line through the 100 rad. You now
predict that there is somebody in our population who
is going to be radiation resistant up at a level of about
3000 rads.

Dr. Trott: It depends on the way of plotting the data.
We took the 500 rads point as in Wash-1400 and made
the slope slightly flatter on the basis of normal distri-
bution, as in Wash-1400. I gave Dr. Bond a reprint of
a paper and the two curves are plotted one beside the
other. It actually is not as bad as you think. The big
problem is what happens to somebody if he gets 300
rads. In the American reactor safety study, everybody
survives and we (the Germans) have about 10% fatal-
ity. That’s the range of difference and I personally
think that 10% is probably better than zero percent at
300 rads bone marrow dose.

Dr. Bond: Dr. Cronkite, do you wish to make any
rebuttal remarks?

Dr. Cronkite: 1 don’t think one can rebut when there
are no data to rebut. Number one, I think that you
can't really argue very much about Dr. Spiers’ very
well considered comments. There’s repair in other
animals and microorganisms, and I certainly accept
that there’s no reason why man should be different
than other organisms; I just assume that there is some
degree of repair and perhaps it is the order of 10 rad
per day. I think that it’s very difficult to say precisely
where the LDs for man is. One has to break it up by
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TABLE A-3 Some Activities Induced in Nuclear Materials
(5 MT, 50% Fission, Assumed Capture to
Fission Ratio of 0.2)

Curies
Nuclide 1 Hour 5 Hours 40 Hours 10 Days
U239 1.65 x 1011 1.39 x 108 - -
Np239 5.50 x 109 6.35 x 109 4.13 x 109 3.53 x 108
pu239 21.5 1.06 x 102 6.85 x 102 1.68 x 103
Curies
30 Days 90 Days 270 Days 1 Year

Np239 9.60 x 105 - - -
pu239 1.77 x 103 1.77 x 103 1.77 x 103 1.77 x 103




TOPIC 2
TABLE A-4 Activities Induced in Soils
(5 MT Surface Burst, Half of
Escaped Neutrons Captured
in Soil)
Curies at Zero Time
Nuclide Igneous Shale Sandstone Limestone Sediment
sildl 2.05 x 107 2.75 x 107 6.35 x 107 9.65 x 105 2.59 x 107
Ti50 1.75 x 107  1.48 x 107 1.27 x 107 - 1.05 x 107
A128 3.19 x 1010 4.36 x 1010 2.31 x 1010 8.65 x 108 3.56 x 1010
Fe35 1.29 x 104 1.45 x 104 4.72 x 103 4.83 x 102 1.17 x 104
Fe39 6.85 x 103 7.65 x 103 2.34 x 103 2.17 x 102 6.20 x 103
Mg27 3.23 x 107 3.17 x 107  2.56 x 107 4.07 x 107 3.18 x 107
ca45 9.10 x 103  7.55 x 103 2.28 x 104 4.18 x 104 1.43 x 104
ca49 2.11 x 107 1.98 x 107 4.94 x 107 9.75 x 107 3.76 x 107
Na24 5.75 x 107 2.77 x 107 1.43 x 107 - 2.11 x 107
K42 6.90 x 106 9.90 x 106 6.85 x 106 4.55 x 105 8.25 x 106
p32 2.93 x 104 4.01 x 104 - - 3.78 x 104
Bal3lm 2.08 x 105 2.08 x 105 4.16 x 105 - -
Bal33m 4.01 x 103 5.35 x 103 8.70 x 103 - -
Bal3ém 8.50 x 1010 1,04 x 1011 1.78 x 101l - -
Bal3? 4.99 x 106 6.85 x 106 1.17 x 107 - -
ol9 3.23 x 105 3.23 x 105 6.45 x 105 - 3.23 x 105
Total
Curies 1.17 x 1011 1.48 x 1011 2,01 x 1011 1.00 x 109 3.57 x 1010

/
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Radiation Exposure Following Wartime
Nuclear Weapon Attack
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Introduction

Evaluating the consequences of a nuclear war re-
quires consideration of post-attack conditions which
have, over the past 25 years, caused strong polarization
among the people of all nations, and indeed, the ques-
tion of whether or not a nation can survive has been
a subject of strong debate.

In order to discuss the work which has been done
on post-attack recovery and especially countermea-
sures for the control of radiation in an extremely
difficult environment, I must assume, as indeed I
believe, that recovery from a large scale nuclear war
is possible and worth considering.

In reviewing the literature, one finds that a substan-
tial effort has been expended in studying the problem
of exposure control after a nuclear attack. This effort
goes back to Hiroshima and Nagasaki; it was in strong
evidence during the period of atmospheric nuclear
weapons testing in the fifties and early sixties and in
the late sixties much of the work done was synthesized
into planning documents.

During this period an understanding of nuclear ex-
plosion phenomenology and its interaction with the
environment received a great deal of attention. Of
great importance to the problem of exposure to radio-
activity was the nature of fallout from an explosion
detonated on the surface of the earth. Countermea-
sures to reduce exposure involved extensive work in
theoretical analysis, in laboratory studies, in simula-
tion experiments, and in field studies at nuclear
weapons tests at the Pacific Proving Grounds and the
Nevada Test Site.

Exposure control involved a number of basic con-
cepts which were pursued at different levels of inten-
sity as an understanding of the problem developed.

This afternoon I will discuss those concepts in some
detail with emphasis on the problem of clean-up or
decontamination of an area or facility.
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Radiological Defense Countermeasures

A countermeasure system for nuclear war is defined
as any combination of actions, preparations, or use of
protective facilities and equipment that reduces or
eliminates the hazards to human and physical re-
sources following a wartime nuclear weapon attack.
The major phenomena of nuclear explosions have
been previously identified as (1) initial nuclear radia-
tion, (2) thermal radiation, (3) blast and shock, and
(4) fallout. The first three effects occur within a short
time after the explosion and their impacts are sym-
metrical about the point of detonation. The impact
from fallout occurs over a period of time after the
explosion, and fallout radiation isointensity patterns
extend a considerable distance downwind from the
point of detonation.

The magnitude of the radiation intensity from fall-
out would be the largest when the explosion occurs
near the surface of the earth.

The radiological hazard from fallout is characterized
by the accumulation of exposure dosage over a period
of time; therefore the specific objective of any radio-
logical countermeasure is to reduce the exposure dose
from radioactive sources in fallout. Since fallout dos-
age is delivered rapidly immediately following a nu-
clear weapon attack and because the doses delivered
are in excess of lethal amounts in areas where heavy
fallout occurs, radiological countermeasures must be
concerned with survival. This early period of time is
called the Emergency Period. During the emergency
period the major type of radiological countermeasures
would be shelter or shielding.

Radiological countermeasures during the recovery
period following the emergency period are active coun-
termeasures in the sense that they involve positive
efforts to reduce the gamma radiation after the fallout
has been deposited. These countermeasures include
removing the fallout from surfaces (decontamination),



burying the particles under the soil (land reclamation),
and constructing temporary shielding with dense ma-
terial.

Over some fallout contaminated areas, the radiation
intensity would be sufficiently high that important
facilities needed for post-attack survival could not be
occupied and utilized within an acceptable period of
time without decontamination. The purpose of decon-
tamination is to permit reentry into fallout areas at
earlier times than otherwise would be possible, and to
reduce radiation dosages for target area reutilization.

The following discussion is limited to problems as-
sociated with the recovery of areas that are affected
only by fallout or that experience very minor blast and
thermal effects.

Fallout Characteristics as Related to
Radiological Recovery Procedures

The essential characteristic of fallout from land
surface nuclear explosions that are important consid-
erations in radiological recovery operations are:

+ The fallout consists of solid particles.

« The radioactive elements are fused into, or con-

densed on, the surfaces of the particles.

» Removal of the particles assures removal of the

radioactive elements they carry.

» Under most conditions, fallout will be readily vis-

ible whenever a significant radiation hazard exists.

Except for soils with very high melting tempera-
tures, a large fraction of the radioactive elements in
the fallout will be fused into fairly large melted sphe-
roidal soil particles where the radiation levels are high
enough to require decontamination.

Although it is possible that decontamination meth-
ods using water as a flushing medium may leach out
some of the radioelements condensed on the surfaces
of the particles, this has not been observed to be a
problem when the decontamination operation pro-
ceeds with movement of the mass of particles and
water over the surface to a suitable drainage system.

Because the decontamination of fallout from land
surface detonations can be described in terms of par-
ticle-removal and particle-transport mechanics, the
requirements for data on the chemistry of both the
interactions of the fallout with surfaces during depo-
sition and the interactions during application of the
cleaning procedures were recognized and studied in
detail. Results of these studies shows these interac-
tions to be insignificant.

Thus the choice and effectiveness of radiological
recovery procedures is determined by the manner in
which fallout is deposited and the makeup of the areas
affected. Important surface factors in the choice of
radiological recovery procedures include:

* Surface type—Paved areas, roofs, unpaved areas,

agricultural lands, building complexes.
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* Surface Orientation—Flat roofs, peaked roofs,
gradient of paved areas, natural drainage patterns,
vertical surfaces,

The effect of weathering on the distribution of fall-
out after its deposition must also be considered. The
redistribution of fallout particles by wind and rain will
affect the choice of decontamination procedures. The
buildup of fallout particles will occur along curbs,
around buildings in “dead air spots”, planting beds
and lawns, depressions in land areas, and open drain-
age features. Those types of areas will trap migrating
fallout particles and consequently require manual de-
contamination procedures.

Performance of Radiological Recovery
Methods

A great deal of research and effort has been con-
ducted to develop decontamination procedures and to
determine their effectiveness. These studies, con-
ducted under controlled laboratory conditions, at
weapon test programs involving land surface detona-
tions, and at full-scale field operations utilizing simu-
lated fallout, correlated the effectiveness of decontam-
ination procedures with such parameters as fallout
particle size and mass deposition levels, recovery ef-
fort, equipment capability, procedural applications
and surface types. These studies have provided a basis
for the development of Radiological Defense Planning
Procedures.

The radiological recovery of essential facilities
within a fallout contaminated area is a large and
complicated process. Due to the wide variety of surface
conditions that will be encountered, a wide assortment
of equipment and manpower skills will be required. In
areas of high fallout concentration, tons of accumu-
lated fallout must be removed. This will require the
utilization of a large work force and associated equip-
ment supplies and material. The recovery of a given
built-up target complex will require the coordinated
application of several decontamination procedures
such as sweeping, flushing, burial and soil-removal.

Obviously an operation of such magnitude must be
preceded by an intensive planning stage. An un-
planned radiological recovery program could achieve
a reduction in the fallout radiation exposure, but the
recovery effort might be greater than necessary, re-
sulting in submitting recovery teams to larger than
necessary exposure doses. Recovery planning tech-
niques must include consideration of personnel expo-
sure to obtain an acceptable balance between the
reduction in fallout radiation and the cost in dose to
recovery personnel. During decontamination opera-
tions, continual monitoring of exposure dose and ef-
fectiveness of the operation is necessary to insure
reaching the required reduction in fallout radiation
exposure.



94 /s SESSION B

Background and History

The first large-scale tests evaluating the perform-
ance of decontamination methods were carried out at
Operation Jangle in 1951 at the Nevada Test Site.
Paved areas and building surfaces were deliberately
contaminated with fallout particles from a low yield
underground explosion. Decontamination procedures
studied included both wet and dry methods. Land
reclamation experiments were also conducted.

The next set of large-scale experiments in fallout
removal from paved and building surfaces were con-
ducted at Camp Stoneman, CA, in 1956. In these
experiments the wet methods of firehosing, motorized
flushing, and the dry method of motorized sweeping
were tested. Soil particles tagged with a radioactive
tracer were used to simulate fallout particles. In 1958,
a second series of Camp Stoneman tests were con-
ducted with both wet and dry methods to determine
their effectiveness at various levels of effort. Land
reclamation procedures were also evaluated.

In 1957, at Operation Plumbbob at the Nevada Test
Site, tests were conducted with motorized graders and
scrapers to determine their effectiveness in the re-
moval of fallout from land areas.

In 1961 and 1962, a test site at Camp Parks, CA,
containing buildings, paved areas, streets, lawns, im-
proved areas, was utilized to evaluate the radiological
recovery of a target complex. The test site of approx-
imately three acres was contaminated with a radioac-
tively traceable fallout simulant. The entire site was
then recovered using various decontamination meth-
ods.

The following discussion and results presented are
based on the information obtained during these var-
ious large-scale field tests.

Decontamination Methods for Paved Areas
and Building Surfaces

Decontamination methods for paved areas and
building surfaces fall into two basic categories:

» Wet methods

firehosing
motorized flushing

* Dry methods

motorized sweeping
vacuum sweeping

The wet methods evaluated were all very effective
in decontaminating land-type fallout from paved areas
and building surfaces. Removal effectiveness levels of
98 percent could readily be achieved. These high re-
moval effectiveness values, however, required large
expenditures of effort and water.

Wet Methods. One of the first methods evaluated
and utilized in large scale operations to remove radio-
active fallout from paved areas and building surfaces
was firehosing. Utilizing the extensive nationwide fire

fighting capability, in terms of equipment and facili-
ties, the method will generally be readily available in
areas unaffected by blast and thermal damage. This
method is easy to carry out and requires no special
skills. Its success depends upon adequate water pres-
sure, proper drainage and a certain amount of common
sense in applying the procedure.

The usual procedure of decontaminating paved
areas such as streets, sidewalks, and parking areas is
to utilize a 1'% inch firehose operated by a two or three
man crew. A nozzle discharge pressure of 75 to 80 lbs/
in? is most effective.

In built-up areas, the water and fallout particles
would be directed toward the nearest sewage drain or
drainage ditch. A shallow pit dug by a bulldozer or by
hand can also be utilized to collect the water and
fallout particles.

Table 1 presents results of the decontamination of
pavements by fire-hosing for various levels of effort.
The results are shown for an initial fallout mass load-
ing of 100 g/ft? which represents the mass level asso-
ciated with a radiation intensity level of about 3000
R/hr at 1 hr after detonation. The effectiveness
achieved is seen to be a function of the level of effort.

Large paved areas and streets can also be decontam-
inated utilizing motorized flushers. Motorized flushing
can be done with either a conventional motor flusher
or an improvised motor flusher. Unfortunately, street
flushers are not nearly as plentiful as firehosing equip-
ment. Street flushers can be improvised from tank
trucks equipped with a pump and a single nozzle
manifold.

Table 2 presents the fallout removal capability of
street flushing, also for an initial mass loading of 100
g/ft’. In comparing these results to firehosing, it is
apparent that motorized flushing is much faster than
firehosing and requires considerably less effort to
achieve the same effectiveness levels.

Firehosing is the only method generally available
for decontaminating roofs of buildings. Roof wash-
down systems, similar to those used by the Navy on
ships, have been tested, but such systems would re-
quire installation in the pre-attack period and are very
expensive and therefore are only suitable for special
installations.

TABLE 1—Firehosing pavements

Effort
Mass Loading® man-min
(g/ft) (—m,—)

Water Consumption Fraction Remaining
(gal/ft’) (%)

100 15 .05 5.5
100 25 .08 3.5
100 50 17 2.0
100 100 .33 1.0

*100 g/ft’ representative of a fallout radiation intensity of 3000 R/
hr at 1 hr after detonation.

Source: USNRDL-467, Radiological Protective Construction, Jan.
1962.



The decontamination of roofs by firehosing can be
conducted in two general ways. The firehose crews
can operate from the roof itself or from ground level,
lobbing the water stream onto the roof. The lobbing
procedure is satisfactory only for roofs with sufficient
slope for rapid runoff of water. On large, tall buildings,
firehose crews would be required to operate from the
roof itself.

Table 3 presents the results of firehosing tar and
gravel roofs and composition shingles for various levels
of effort and an initial mass loading of 100 g/ft’.

Built-up roofing, such as tar and gravel roofs require
more effort than the removal of fallout from compo-
sition shingles or other smoother roofing materials.

Most outdoor surfaces of structures are vertical.
Vertical surfaces, however, do not retain a significant

TABLE 2—Motorized flushing of pavements
Effort

Mam Loading® mi Water Consumption Fraction Remaining
®/ft) (w) (gal/ft!) *)
10* ft:
100 1 .045 5
2 .09 3
5 22 1

* 100 g/ft? representative of a fallout reclamation intensity of 3000
R/hr at 1 hr after detonation.

Source: USNRDL-467, Radiological Protective Construction, Jan.
1962.

TABLE 3—Firehosing roofs
ing® Eﬂ‘orl_ i ction Remainis
Mnn:‘l;;;t)img (m::;:;n) Wuwr(:):]r/\gxt;nptmn Frac o ng
TAR AND GRAVEL ROOFS
100 20 .30 6
30 45 3
40 .60 2
60 90 1
COMPOSITION SHINGLES
100 5 .06 9
10 12 5
20 .30 3

* 100 g/ft® representative of a fallout radiation intensity of 3000 R/
hr at 1 hr after detonation.

Source: USNRDL-467, Radiological Protective Construction, Jan.
1962.
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fraction of the deposited fallout particles from a nu-
clear explosion. The removal of fallout particles from
vertical surfaces, from ledges, window frames or from
other similar surfaces can be easily done by simple
manual techniques such as garden hose flushing. How-
ever, since the contribution of the fallout on such
surfaces to the gross radiation intensity would gener-
ally be small compared to the contribution from the
fallout deposited on large horizontal collecting sufaces,
the decontamination of vertical surfaces can be ig-
nored in a large-scale decontamination operation until
the major horizontal surfaces are decontaminated.

Dry Methods. As with firefighting equipment, most
public works departments in cities, states, government
facilities have available motorized sweepers and
trained operators. Street sweepers were one of the first
decontamination methods evaluated for the removal
of fallout particles from paved areas. Table 4 presents
the fallout removal capabilities of a conventional mo-
torized sweeper and vacuumized sweeper. For both
sweepers, the removal effectiveness is a function of
the number of passes, or effort expended in the sweep-
ing process.

Motorized sweepers are designed to pick up and
contain the swept material in a hopper. Disposal in
pre-selected disposal areas is quick and automatic.
The buildup of contaminant in the hopper however,
does represent a gradually increasing source of radia-
tion to the driver. Therefore to keep the source of
radiation from giving the operator too large an expo-
sure dose, the hopper must be periodically emptied.

Decontamination Methods for Unpaved Areas

Large unpaved land areas may be decontaminated
by removal of the contaminated layer of surface ma-
terial and disposing of it by burial techniques using
standard earth-moving equipment. Table 5 presents
the effectiveness of various land reclamation methods
for typical levels of effort. Fallout mass loadings have
little effect on removal effectiveness. The total mass
of earth handled is many times the quantity of fallout
deposited.

TABLE 4—Sweeping pavements

1st Pass 2nd Pass 3rd Pass
Method Mass Loa‘lding° Effort Fraction Effort Fraction Effort Fraction
®/ft) i Remaini (man-min) Remaini (man-min) Remaini
10* ft (%) 10* ft? (%) 10¢ ft? %)
Motorized 10 11 9 17 7 23 7
30 9 7 16 5 20 3
100 14 3 22 2
Vacuum 10 20 7 30 2 40 1.5
30 20 3 30 1.5 40 1.1
100 20 25 30 1.2 40 1.0

*10, 30, 100 g/ft’ representative of fallout radiation intensities of 300, 1000, 3000 R/hr at 1 hr after

detonation respectively.

Source: USNRDL-467. Radiological Protective Construction, Jan. 1962.
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TABLE 5—Reclamation of unpaved land areas
Method (m:g‘:\‘m) Pnc(ion(g;:omnining
10* ft?
Motorized Scraping
1st Pass 5-8 <1
2nd Pass 4 <1/2
Motorized Grading and Motorized Scraping
1st Pass 10-17 <1
2nd Pass 9-17 <l1/2
Plowing 3-5 20
Earth Filling with Motorized Scraper
6" cover 10-20 15
12” cover 20-40 2
16" cover 40-80 <l1/2

Decontamination of unpaved land areas can also be
accomplished by covering the fallout with uncontam-
inated soil, or by turning the contaminated surface
into the soil by plowing. The two latter methods
employ soil as a shielding material.

The effectiveness of any of land decontamination
methods is dependent on the thoroughness with which
they are carried out. Spills or failure to overlap suc-
cessive passes will reduce the overall effectiveness of
the method.

Large-scale scraping operations require heavy
earthmoving equipment to scrape off the top layer
(several inches) of contaminated soil and remove it to
suitable predesignated disposal areas. Motorized
scraping is the most effective and efficient surface
removal method. Motorized scrapers are designed to
make shallow cuts into the soil surface, picking up the
material into a hopper for disposal. The decontami-
nation efficiency of motorized scrapers depend on the
nature of the surface soil. They are extremely effective
on large flat areas that have been sodded or tilled.
Scraping operations can utilize motorized graders, mo-
torized scrapers and bulldozers.

The motorized grader is designed for grading oper-
ations, such as for the spreading of soil or for light
stripping. A motor grader can be used effectively on
any long narrow area. The scraped up earth is placed
in a windrow for removal or burial.

A motorized grader and motorized scraper can be
utilized in combination to increase efficiency. In this
combination method, the motor grader grades off the
surface of the soil into windrows and the motorized
scraper picks it up and carries it to a disposal area.

A bulldozer can be useful in scraping small contam-
inated areas, burying material, digging sumps and in
back-filling disposal areas. It is also used as a prime
mover to assist motorized scrapers in their scraping
operations.

The principle need of placing an earth fill over a
contaminated land area would be where scraping pro-
cedures could not be used because of rocky ground or
permanent obstructions. The purpose of filling is to
cover the contaminated area with uncontaminated soil

to provide shielding. Motorized scrapers, bulldozers,
graders and large dump trunks would be necessary for
filling operations.

Plowing is a rapid means of decontamination by
providing earth shielding as it turns the contaminated
soil under and places a layer of uncontaminated soil
on the surface. The depth of plowing should be at
least 8 to 10 inches to achieve the effectiveness value
indicated in Table 5.

Since it is not feasible to operate large earthmoving
equipment in confined areas or around buildings, small
garden tractors, or front end loaders equipped with a
small scraper can be used for scraping or plowing. In
some areas hand labor with shovels and wheelbarrows
to remove fallout material would be necessary.

Cold Weather Decontamination Procedures

Cold weather decontamination methods will, in gen-
eral, utilize the same procedures described previously.
The presence of snow or ice could complicate the
decontamination efforts due to a decrease in the mo-
bility of equipment and personnel. Fallout particles
may be clearly visible on or within a snowfall, or on
ice. This may assist the decontamination process. The
removal of a layer of snow or ice containing the fallout
particles can be accomplished with readily available
snow removal equipment. Motorized street sweepers
can be used on dry pavements, traffic-packed snow or
level frozen soil or ice covered areas.

Snow plowing can be utilized to windrow contami-
nated snow into piles for loading into dump trucks for
removal to disposal areas.

Firehosing is possible and can be used on paved
areas and exteriors of structures at below freezing
temperatures. Firehosing under this condition should
only be utilized when proper drainage is provided.

Disposal of Radioactive Fallout

One aspect of decontamination that has received
very little attention is the ultimate disposal of radio-
active fallout. The decontamination methods de-
scribed in the previous section of this paper are de-



signed to remove the source of radioactivity from areas
requiring decontamination to areas of lesser impor-
tance.

In most instances, onsite burial of the fallout mate-
rial is recommended. Sumps to contain runoff from
wet decontamination methods can be backfilled after
evaporation and/or seepage of the water into the
subsoil.

Wet decontamination of paved areas in built-up
areas will result in fallout particles washed into storm
drains, which eventually lead to larger bodies of water
such as a stream, river, lake or, in coastal areas, the
ocean.

Fallout contaminated soil removed from land areas
would be transported to areas for burial in excavated
pits and then covered with uncontaminated soil, much
the same way as sanitary land fills are operated.

Summary

In summary, one has to recognize that the post-
nuclear war environment would present many orders
of magnitude greater problems than would the most
serious credible peacetime nuclear accident. The sur-
viving population would have to live in a radiation
environment that, by today’s standards, would be to-
tally unacceptable. Nevertheless there are a number
of radiological countermeasures that can be taken to
significantly reduce the radiation exposure in a post-
attack environment. These include:

+ Shelter—to take shelter upon warning (or before
fallout arrives) and to remain in shelter until short-
period operations outside the shelter are feasible.

* Decontamination—Conduct decontamination op-
erations to reduce the dose rate in target-areas
through removal of radiation sources.

+ Evacuation—To evacuate personnel to areas that
are outside of the path of fallout patterns after the
dose rate in the shelter area has been reduced by
decay and/or decontamination operations.

My discussion this afternoon was directed towards
the usefulness of decontamination as one of the radi-
ological measures to be utilized in controlling exposure
dose following a large-scale nuclear weapons attack.
The technology and equipment for implementing de-
contamination procedures are available. The major
constraints in the determination of the usefulness of
decontamination are: (1) the time required to accom-
plish the work and (2) the effectiveness of the selected
decontamination procedures. The effectiveness de-
pends only on the procedure itself and the surfaces
worked on. The time required to accomplish the work
has to consider dose constraints to decontamination
crews, availability of manpower, equipment and sup-
plies, size of area, type of surfaces and rate of appli-
cation of the method.
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SESSION B
Discussion

Jack C. Greene, Moderator

Mr. Greene: Will the speakers please come forward
and form a discussion panel. As all should know, much
of the work that Jim Sartor described was done under
the very able direction of Dr. Carl Miller who is with
us today and will join the panel.*

Carl, I am very pleased to use this occasion to
present to you a “certificate of appreciation” from the
Planning Committee for this symposium, joined by
members of the former NAS Advisory Committee on
Civil Defense and others who have worked with you
over the years. Here’s what the certificate says:

“We hereby present a Certificate of Apprecia-
tion to Carl F. Miller. Dr. Miller’s many years of
dedicated research have combined the best of
theoretical and applied work and have resulted in
an unparalleled contribution to our understanding
of the physical and chemical characteristics of
radioactive fallout, as well as the means for pro-
tecting against it. It is specially meaningful to
those of us who have known and admired Carl
over the years to have an opportunity to publicly
acknowledge and honor the work of this extraor-
dinary, versatile and innovative scientist”.

We will start the discussion period by giving Carl
five minutes to comment on anything he chooses.

Dr. Miller: Thank you very much. I appreciate this
commendation and your comments. I might add here
that thanks should also be given to my co-workers
who helped me and did most of the hard work—this
includes, of course, Pete and Jim who just completed
their presentations. Sitting here and listening, I was
impressed with many of the talks that were given.
Starting with Lew Spencer’s, I thought he did a very
good job in giving the outline for the hazards to be
discussed. One thing that occurred to me and probably
occurs to a lot of you is that the real hazards in a
nuclear attack are not from radiation—the real haz-
ards are in the blast and other initial effects. Though
his paper was clearly limited to the radiation effects,
he knows, and you know, that the countermeasures

* We regret to inform the reader that Dr. Miller died in August,
1981.

against the other hazards would be more difficult to
achieve.

Someone talked a little about risks. One thing that
usually comes to my mind when risks are discussed
goes back to World War II when I was in Burma
working with the Chinese First Army as an artillery-
man. We (and they) used to be supplied by airplanes
that would fly over and parachute-drop food and am-
munition and so forth. The thing about risk was that
we used to watch the behavior of the Chinese sol-
diers—they would make bets on who could catch a
sack of peanuts dropping down and they would truly
try. I don’t know what the LDs, for that “exposure”
was or might be, but it was exceedingly high for a good
catcher. It was a high risk game in a rather high risk
environment. However, in the (now) old days, some of
us at the then existing U.S. Naval Radiological De-
fense Laboratory did about the same thing with fallout
at nuclear weapons tests.

In 1954, some civilians and Navy men were on a
specially outfitted ship—a monstrosity bedecked with
all kinds of sprinklers for testing the Navy washdown
system. On one test, we were about 20 miles away
when a 10-megaton shot was detonated. At the time,
one piece of data we were interested in obtaining was
the early time decay; also, additional data on the
characteristics of the fallout were desired. My job was
to put out a series of funnels, tubes and other things
on this ship to collect some of the fallout. The ship
was sailed on a pathway that led to an area directly
underneath the expanding cloud so as to be exposed
to a maximum amount of fallout. The ship, called the
YAG-39, was highly instrumented with gamma detec-
tors; it was accompanied by a sister ship, the YAG-40,
which was operated by remote control but without the
washdown system. Fallout arrived about 20 minutes
after detonation, at which time I collected the first few
drops of “hot” washdown water from tubing that
extended from the deck to the bottom of the ship
across from where the radioactive assay equipment
was located.

In 1957, at the Nevada Test Site, personnel from
NRDL and the AEC sat in an underground shelter a
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mile away when Shot Diablo was detonated. Some of
us collected fallout particles as they fell out of the sky
from this event. We didn’t chase after them on the
outside of the shelter because we had little funnels
and tubes running to the outside from inside. One
could hear that stuff trickle down into containers in a
deep cave from which we picked out single particles
for assay. I was trying to do gamma spectometry on
particles. I picked up one little particle, and the spec-
trometer just about blew up, so I quickly put it back
in the cave and got a smaller one. That didn’t work
either: It was too hot. Finally, I got a little teeny one,
but it was still too hot. So I took it back in and
smashed it into smaller pieces, picked up a chip with
tweezers and found out it didn’t blank out the spec-
trometer. Of course, after about a half-hour or so, one
could hardly get a reading on it anymore because of
the rapid decay rate. Many people received some
gamma exposure on ventures such as these. I did as
well. That’s probably one reason you see this dilapi-
dated body in front of you with all the gamma rays
that penetrated it over the years.

I like the way Jim Sartor brought out the character
of the fallout, and Pete Strom, too. With most of the
local fallout that we’re talking about, a lot of the larger
particles are fused or melted to form little glassy
marbles. The tower shots had iron in them so they
were magnetic and we could separate hot fallout par-
ticles from tower shots with magnetism. The radioac-
tive atoms that could be absorbed into, or by, body
organs were the few that are plated out on the surface
of the fallout particles during the later stages of con-
densation in the fireball. That’'s why the elements
iodine, strontium, ruthenium and a few other isotopes
of that nature have been found in organs of animals
and humans.

About a year ago, I worked on a project at the
Center for Planning and Research that was sponsored
by the State of California Disasters Office on reactor
accidents. The part that I was interested in was the
distribution model that was in the Rasmussen Report
to show how the material from a reactor accident
might be distributed around the countryside. Several
things bothered me which I feel should be given fur-
ther consideration and research—and especially, I
would say, experimental research. I've never seen any
kind of an observed particle deposition pattern that
looks like that calculated from the models derived
from the Rasmussen Report Systematics. Even the
puffs that came (or leaked) out of underground deto-
nations in Nevada don’t look like the calculated pat-
terns; to me, it appears that something is wrong or
something is missing in the computer model distribu-
tion patterns. I just don’t know what it is.

With regard to the previous presentations, one thing
I would suggest is that Pete Strom might add to his
paper a real tie-in between how the new, more 2d-

vanced instrumentation would add to effecting con-
trols on radiation doses in accidents of all kinds. I
think with the accident problem one needs as much
information as possible because of possible legal prob-
lems that could arise later. In all cases, with long range
effects, one needs a lot more information than is
currently available. For the early effects, a lot of fancy
analyses are not possible because one doesn’t have the
time to do them before a decision or action of some
sort is required.

Mr. Greene: We will move the microphone over to the
panel’s table. Suppose we address questions to the
panel members starting at my far right and allow
perhaps ten minutes for each question and answer.
Are there questions for Dr. Gut?

Dr. Weinberg (Institute for Energy Analysis): I would
like to ask Dr. Gut the following which bears a bit on
remarks I am going to make this evening. I suppose
Switzerland is now the country—aside from possibly
the Soviet Union or China—where a larger fraction of
the population has had some kind of direct contact
with radiation and radiation meters than any other
place in the whole world. Now do I misunderstand
what’s happening in Switzerland when I make that
assertion? As I understand it, everyone has to be either
in the Army or the Reserve in Switzerland, so I sup-
pose everybody who gets in the Army has some con-
tact with the radiation question—or is that not cor-
rect?

Dr. Gut: I think that is completely correct. We have
in the Armed Forces the system for this. Information
is distributed to very low levels, so that information
about radiation and radiation effects goes to practi-
cally every soldier every year and, because the Swiss
citizen has to do his two or three weeks of military
service every year, he is normally updated in these
respects every year. It’s the same for the members of
the Civil Defense organization. For the general popu-
lation, there is also some awareness of radiation effects
problems made available by Civil Defense organiza-
tions through the booklet that every Swiss citizen has
at home. However, I think more could be done.

Dr. Weinberg: Have you seen any evidence at all that
there is widespread understanding about radiation—
that presumably most of the people in Switzerland
(unlike the people in the United States) know the
difference between a milliroentgen and a megaroent-
gen? Do you see any evidence that this increased
sophistication has raised the level of understanding in
the nuclear power debate in Switzerland?

Dr. Gut: That’s a very difficult question to answer, but
I'd like to try it. As you may know, we have had two
votes with respect to nuclear power plants in Switz-
erland a year and a half ago. They were both in favor
of the nuclear power plants, but only by a very slight
margin. I think these votes showed that some infor-
mation reached the people, because people are aware



of radiation problems with nuclear power plants and
with nuclear accidents. I think the process of getting
adequate information to the people has just started.
Dr. Bryce (Armed Forces Radiological Research In-
stitute): Dr. Gut, do the Swiss see a need for an
integrating dosimeter or a neutron sensitive dosime-
ter?

Dr. Gut: Yes, like every other country that we have
seen in the survey, we have radiation dosimeters—
ionization dosimeters for zero to 50 roentgens—that’s
one kind. The other kind is for zero to 200 roentgens
and it is distributed on the group level in the Swiss
Armed Forces. That means that for every five to ten
soldiers there might be such a radiation dosimeter. We
also have for laboratories the dosimeters for zero to
200 milliroentgens. The same is true for the Civil
Defense organization because we have the same equip-
ment there, I think, as for the Armed Forces. We are
now investigating the question of whether it will be
necessary for us to have neutron dosimeters, too. We
are studying that question now.

Mr. Du Temple (American Nuclear Society): Would
you comment on the strategy that the Swiss military
might be planning in the event you have a nuclear
exchange between Europe and the Soviets, or in some
other area? The reason I raise this question is that it
seems to me that you're better prepared to take the
fallout than most countries. In World War II, you held
a unique position in that you had equal armament
capability with surrounding neighbors and, of course,
an excellent espionage system, so you knew what was
going on. You had equal capability. You have very
good knowledge of the terrain, and you threatened to
inflict on the Wermacht some very severe losses. At
the present time you don’t have, as far as we know,
equal weapons capability, but you have the ability to
handle any particular fallout threat. Would this then
lead you to mining your passes, etc. with nuclear
explosives rather than conventional explosives in order
to more or less neutralize the capability of your neigh-
bors, if you had to?

Dr. Gut: 1 would like to answer partially. The strategy
of our Swiss Armed Forces and the Civil Defense is a
strategy of so-called total defense. We have all kinds
of scenarios that we have included in this strategy. We
have no nuclear weapons and there will not be such
weapons in the future because it’s not our strategy to
have them. But we know that so many nuclear
weapons are stored in Europe that it’s completely
clear that we have to be prepared for explosions of
these weapons—maybe in neighbor countries or
maybe in our country. So that’s the reason why we
adopted the strategy with the shelters because we had
the impression that the shelter program can provide
for sheltering against nuclear weapons fallout, against
primary effects, and also against conventional warfare
and chemical nuclear warfare, too. So the strategy is
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to have shelters strategically placed for everybody,
which includes protection against all kinds of warfare
that may be possible in the near future in Europe.
Mr. Greene: 1 think we’ll hold other military strategy
questions until the cocktail hour.

Dr. Storebo (Norwegian Defense Research Establish-
ment): [ have the feeling that my understanding of the
word “control” is somewhat different from what I've
heard here today. To me, it is not only a hardware
word but also a software word. When it comes to
fallout, I should guess that what we can do in software
planning is to provide a much better fallout forecast.
As it is now, I guess that the meteorological informa-
tion which we really have is very much thrown away
by the procedures we use. We normally use meteoro-
logical observations but smooth them out over large
areas over long times. This certainly is not necessary
today when we have computerized forecasts which
include the wind, precipitation, and other dimensions
of the weather. We are not, for the time being, utilizing
all our capabilities for a fallout system. Concerning
peacetime nuclear accidents, have you used opera-
tional analysis to study the best procedures for rescue?
Also, I have not heard any meteorology considered
here. If you are planning a delicate operation, the
weather which is most probable should be taken into
account, so the meteorologist should be asked very
specific questions.

Dr. Strom: There is a nationwide emergency meter-
ological system which is available and is operational.
Mr. Greene: Perhaps we should continue on this sub-
ject in a short rump session, and turn now to the other
papers.

Mr. Haaland (Oak Ridge National Lab): I have a
question and comments on the paper by Sartor. I was
trying to visualize how one would apply the decontam-
ination methods after an actual nuclear attack. Would
you plan to set up hosing-down facilities around cer-
tain shelters, or would you plan to have them with
some kind of rescue teams to wash away fallout from
shelters that aren’t capable of providing enough pro-
tection by themselves? Have you analyzed costs of
this operation and how much dose does the individual
get who'’s out there hosing down a paved area?

Mr. Sartor: There have been a number of planning
studies conducted at Stanford Research Institute un-
der Dr. Miller, and funded by DCPA or FEMA, where
most of these questions you’ve brought up have been
looked into in very much detail; the recovery after a
fallout event, of course, requires a lot of consideration
of all the things you mentioned: the cost, the timing,
the training of the personnel. In the early periods after
an attack in a heavy fallout area, people are going to
have to remain in shelter. Recovery teams can come
in from the outside to decontaminate large staging
areas into which people can move from shelters in the
heavy fallout areas. The costs associated with all of
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these operations have been calculated but, of course,
in a post-attack environment I don’t think anybody’s
going to worry about costs. I think they are going to
worry about survival. The water is going to be avail-
able—we’re talking now about the areas that have not
been affected by blast and thermal damage. We're
talking about the areas that are greater than 20/30
miles downwind and the water supplies in those areas
should not be affected at all. So what I was discussing
primarily is the survival of the people in the fallout
area, not in the immediate blast and thermal area.
Dr. Weinberg: The very important point that you
raised in connection with the nuclear accident and its
aftermath goes as follows. If you examine the Ras-
mussen Report, and particularly the American Phys-
ical Society critique of the Rasmussen Report, it
turned out that most of the casualties—better than
half, that is—come from low level exposures to many,
many people over a very long time because of the
cesium-137 and similar isotopes. I must say, as I think
about what is the rational reason why people are so
afraid of nuclear energy, the only reason that I come
to is this notion of interdiction of land. I want to put
the question to you then: do you have some reliable
number as to how much it costs to really recover the
land and put it back essentially to where it was before
the accident? That’s a bit different from the response
you gave in the case of a post-attack situation.

Mr. Sartor: 1 guess Dr. Cowper had some numbers for
recovery from some incidents occurring in peace-time.
George, do you want to answer that?

Dr. Cowper: There is the figure that has been quoted
for Palomares, but I believe a large part of that was
for the transmittal of the dirt to South Carolina and
not directly connected with the removal work in Spain.
Perhaps, there is someone in the audience who can
make a better guess than I can how that sum of money
may be apportioned.

Mr. Sartor: As for the recovery from the nuclear war
fallout, we have all the data necessary to make that
calculation. We know the manpower required, the
effort, the fuel, the oil, the water. I don’t think we ever
attached dollars to those in our exercises. Following
nuclear war, I think the demand for recovery is going
to be such that the dollar is not going to be the
problem.

Mr. Haaland: 1 want to address that. You might need
to have on hand before a war more equipment than
you might want. The question is: how many dollars
must you spend before the war to prepare to decon-
taminate the way you would like to?

Mr. Sartor: 1 agree. That is a point that applies to all
pre-attack planning.

Mr. Greene: Let me also make one point that I think
is extremely important here. The amount of decon-
tamination that one would do would depend on what
levels one would be willing to put up with. And in

terms of recovering large land areas, particularly ag-
ricultural areas, it would make a big difference what
people like the NCRP advise on what could be toler-
ated in contaminated food or external exposures by
the farmer who is plowing this land. So I don’t think
that one can arrive at a cost without specifying exactly
what your end point is, and that has not been done.
Dr. Miller: 1 personally am against putting the land in
quarantine, etc., based on cesium and other isotopes.
I think that’s ridiculous. If you go back in the litera-
ture, there has been a lot of work done at Davis, Oak
Ridge, UCLA, Sweden, Norway and other places on
the uptake of these isotopes by plants and how much
gets in the wheat and the corn, etc. It’s minimal.
Everybody knows that cesium gets in the salt minerals
and fits right into the shells in those crystals and they
stay there. So for the uptake problem, forget it. We
never did get evidence of the internal problem in any
calculations for the early phases of any attacks that
we studied at SRI. Putting in the worst assumptions
we could about the solubilities and uptake and so
forth, we could never make the internal hazard any
problem whatsoever compared to the external gamma.
Dr. Taylor: 1 think a good deal of the answer to this
kind of a question will arise through public relations.
It’s what the public thinks they want and what the
public has been conditioned to think it wants. This is
one of the things I'm going to speak a little bit about
on Wednesday—namely, how the NCRP and others
arrived at what we call our standards for protection.
We arrived at those by a perfectly good process for
normal peacetime applications. But if you try to apply
those things to wartime or peacetime accidental situ-
ations, it’s an entirely different question, and the pub-
lic has to somehow or other be educated to this. The
public relations people are not doing it for us.

Mr. Kaul (formerly from Defense Nuclear Agency and
now with Science Applications, Inc. in Chicago): In
the Rasmussen Study, I believe, the cost was esti-
mated at about $1700 an acre to decontaminate up to
a factor of 20 in the urban land and something around
$1000 an acre for rural land. But the limit was the
factor of 20 and the criteria had it that if, after ten
years, a factor of 20 still wouldn’t clean up the land, it
was interdicted. That is interesting because the things
that Mr. Sartor showed here on the screen indicated
that 95-99% was a reasonable upper limit for decon-
tamination; anything else that occurred subsequently
with root uptake and what not is perhaps not so
unreasonable. We have since done some calculations
looking further at the problem of chronic uptake and
its potential for denying land. It appears that based
on the latest uptake coefficients, if you literally con-
sumed 25% of everything that was deposited on the
ground, approximately the same amount will be con-
sumed from root uptake over a fifty-year period. Now
this then gets us back to the discussions this morning.




What is the difference between consuming this stuff
over a fifty-year period, consuming it in a one-year
period, or being acutely exposed to it?

Mr. Kearney (formerly with Oak Ridge National Lab):
I work with families and small groups trying to work
out ways by which they can help themselves. In con-
nection with decontamination, I'm working largely in
Utah and Colorado and other places that are dry. The
dust fallout or sand particles there can get all over
you, and wading around in a fallout area seems highly
undesirable. I wonder if you could give me an idea as
to how long after the deposition of fallout do you
consider it safe for people with poor protective clothing
to get out and try to decontaminate? I’'m not talking
exposure to external gamma radiation.

Mr. Sartor: Two weeks is a normal period of shelter
stay for most land surfaces. Fourteen days would allow
you to come out into an environment where you could
start decontamination.

Mr. Greene: There is one piece of work that I highly
recommend. It was done by Dr. Mikhail at NRDL. He
calculated the time after burst after which various
amounts of radioactive fallout remaining for various
periods of time on the skin would produce beta burns.
If his calculations and assumptions are correct, and
I've heard no one yet disprove them, after a period of
two or three days you cannot get a beta burn from
fallout. The specific activity is just not high enough. If
that is correct, there is no need to worry about beta
burns at the time you would be doing the decontami-
nation, which would be at least a few days after the
attack.

Dr. Storebo: It was refreshing to hear Dr. Strom'’s
saying that we don’t know what the particle size
distribution of radioactivity is when you explode a
bomb in a city. This is exactly the type of reasoning I
tried to use in order to generate more interest in this.
But I don't think that this is very important when it
comes to cleaning up the radioactivity from a fallout
area. I used this reasoning for changing the parameters
in the predictions system, because there it certainly
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would have quite a lot of influence. But I couldn’t go
urther on with this, because I simply don’t know what
particle distributions you will have from explosions in
a city.
Mr. Greene: The time allotted to us has expired but if
anyone is highly motivated and wants to stay on for
further discussion, they are welcome to do so.

The results of the opinion poll have been tabulated
for your reference:

OPINIONS ON PROBABILITY OF NUCLEAR
WAR

Results of Poll Taken at NCRP Symposium
April 27, 1981

Probability of Nuclear War in Next Decade

Greater than 1 in 10 9 (8%)
About 1in 10 17 (16%)
About 1 in 100 46 (43%)
About 1 in 1000 19 (18%)
About 1 in 10,000 16 (15%)
Total 107
How Probability is Changing
Increasing 73 (62%)
Decreasing 12 (10%)
Not Changing 32 (27%)
Total 117

Probability of Major Reactor Accident vs Probability
of Nuclear War

Much greater for reactor accident 9 (8%)
Greater for reactor accident 27 (25%)
About the same 22 (20%)
Less for reactor accident 17 (15%)
Much less for reactor accident 35 (32%)
Total 110
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Introduction

1. I am to talk about preparing people to face the
prospects and actuality of a disaster that involves
radiation hazards—all magnitude of disaster up to and
including the ultimate catastrophe of nuclear war—
and I shall do so from the point of view of a British
Government scientist who happens to be most in-
volved in planning and preparation for war emergen-
cies. Although, for geographical reasons, we in UK are
not much concerned with major natural disasters, we
have to accept the possibility, however remote, of a
major nuclear accident. I am not an authority on
attitudes or plans in other European countries but I
shall give you some information.

2. So I shall concentrate on measures for protection
and survival in nuclear war in the United Kingdom,
pointing out the most significant differences between
preparations against those eventualities and peace-
time disaster planning; and I restrict myself to the
provision of information to and the training of four
categories of people:

The general public—the broadest possible category;

The emergency service professionals;

The radiation protection authorities;

The decision makers.

3. I shall have to explain my definitions of those
categories a little more fully but, before I do so, I
would like to examine some principles that do, or
should, influence our actions. I do so at some risk of
trespassing on other speakers’ preserves but I think it
is relevant to my own subject to indicate how we think
in UK. The principles I have in mind are:—

why we believe we should provide any information

or training at all;

what measures are appropriate;

who is responsible;

when measures should be implemented.

When I use the word “we” here I include all of those
in positions of responsibility for the planning or man-
agement of nuclear installations or operations, includ-
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ing military operations, or for the safety and well-
being of the general public, whether we are Govern-
ment servants or not.

General Considerations

4. The need for action arises because a threat is
perceived to exist that can not be dismissed as negli-
gible. Although the threat of an accident in peacetime
may be judged small enough to be acceptable—and of
course the threat of a disaster is less than the threat
of an emergency as any motorist knows—nevertheless,
some risk remains. A government can choose what
level of risk of accident or disaster it will accept. On
the other hand, it is not entirely free to choose whether
or not to become involved in a war, and it has little
control over the consequences of natural disasters.

5. The obligation for a government to take action is
especially great if it has willed the risk into existence.
Whether or not a democratic government will accept
the obligation depends on both popular expectations
and the extent of the people’s influence. Public per-
ception of risk may not coincide with that of the
government, for the public is less well informed and
may be misinformed. Even when there is agreement
as to its nature, there may remain different degrees of
willingness to accept the risk. Disagreements arise
from deeply held moral or political convictions that
are beyond the scope of this symposium: but we cannot
afford to ignore altogether the fact that confusion and
disagreement exist in sufficient strength to add sig-
nificantly to the difficulties of presenting to the public
what ought to be straightforward factual information.

6. How much authority should do is a matter for
judgement relating to the likelihood of an incident,
the severity of the consequences, the magnitude of
any political repercussions (that applies to the peace-
time threat) and, of course, the costs. It is not only a
matter of deciding whether the costs are justified by
the benefits, although that calculation is difficult and
controversial enough. Any costs have to be met from
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a finite budget at the expense of some other activity
which may itself offer enhanced prospects in some
other field for the preservation of life. Again public
attitudes are important; and they are influenced by
the extreme, and indeed alarmist, appraisals of risk
propagated by some pressure groups to oppose vigor-
ously projects designed to produce long term benefits,
or to demand precautionary measures beyond all rea-
sonable expectations.

7. Faced with this dilemma, governments tend to
act instinctively rather than rationally, albeit with
close regard to money supply and to what has been
done previously and what is being done elsewhere. In
particular, governments do, or should, consider care-
fully how any spending should be divided between
measures to reduce the likelihood of disasters and
measures to mitigate their effects, i.e., prevention (or
deterrence) and protection.

8. That leads me to consider what measures are
appropriate. We can say that they must be measures
capable of implementation in the circumstances avail-
able at the time and likely to be effective. Thus, in the
context of this talk, it would be confusing and therefore
unhelpful to give people more information than they
can comprehend, retdin and apply; so training pack-
ages have to be well matched to the groups under
training and those groups have to be selected to be
reasonably homogeneous. Also it is important to dis-
tinguish between information that is essential, desir-
able or merely interesting. The desirable and interest-
ing should be available: but publicity should be for
specific purposes. The amount and type of information
varies enormously with the composition and respon-
sibilities of the group being informed, and here I shall
attempt to particularize.

The General Public

9. I have suggested that the general public is a far
from homogeneous body—it contains elements of
varying size and importance, some incapable of facing
facts or unwilling to accept them, or determined to
reject them; some can understand what is, after all, a
very complex problem, but many can’t understand;
some are apathetic or willing to cooperate or anxious
to cooperate; others are unwilling to cooperate or are
actively hostile; some are uninformed, some partly
informed, some misinformed and some do not want to
be informed; some of these trust authority to take any
measures necessary or practicable, but some find the
whole prospect unthinkable; there are those who are
frightened or complacent; and those who are despair-
ing or grimly determined; those who are morally
shocked and resentful and others who are cynically
accepting. Faced by this diversity of opinions and
confusion of attitudes, officials planning to provide
basic information must aim to keep the content of

their packages both very simple and as uncontroversial
as they can.

10. So a basic package might contain the facts that
radiation is dangerous and to be avoided, without
digressing into discussions about damage mechanisms
or tolerable dose levels; that warning of danger will be
given, with descriptions of the warning signals; that
people will be advised or instructed how to act, per-
haps with advance examples of the sorts of actions
that might be recommended and advice as to what
preparations might be made in advance, covering such
aspects as protection within the home, food supplies
and first aid; and finally that people will be told when
the danger is passed, how they will be told and how
they will be advised at that time.

11. That sort of information will not satisfy every-
one. The more concerned and comprehending will
want further information about the mechanisms of
radiation damage; about the dose levels believed to
cause injury or death to human beings, animals and
plants; about the symptoms of radiation sickness;
about the effects of radiation damage and of treat-
ment; about the persistence of radioactive fallout and
decontamination; about the organization of life, espe-
cially family life, under fallout; about shelter construc-
tion; and so on. In UK we think it is proper to make
such information available to those who are concerned
enough to ask for it, but unnecessary and perhaps
unwise to inflict it upon the public at large. The
principle source of information is the booklet “Nuclear
Weapons” published by Her Majesty’s Stationary Of-
fice, which covers much the same ground as your
“Effects of Nuclear Weapons” but in less detail.

12. Within this more concerned section of the public
are groups who need some detailed and specific in-
struction. They include the emergency services per-
sonnel and a range of other officials, and I shall come
to them in a moment; and also groups of people with
special responsibilities such as first aiders, farmers,
factory managers or community leaders. I should ex-
plain that we hope in UK to be able to identify
responsible people as leaders of small communities of
a few hundreds of citizens, people who are sufficiently
knowledgeable about the nature of the threat and the
measures taken to provide an influence that is both
soothing and constructive and who would cooperate
with officials and government agencies. We aim to
raise the level of understanding of such groups and
individuals so they are presented with the information
that is only on offer to the general public; and usually
their training will include practising and exercising of
acquired skills.

Emergency Services

13. In UK we have no national emergency service
for peace or war. We disbanded our civil defence corps



in 1968. What we have are a number of organizations,
some within central or local government structures
and all depending heavily on voluntary effort. Their
contributions are identified in and coordinated
through emergency plans. However, both central and
local government have very small full-time emergency
planning staffs.

The emergency services in UK are:

Police

Fire Service

Ambulance Service

Health Service

United Kingdom Warning and Monitoring Orgami-

zation (UKWMO)

Royal Observer Corps (ROC)

I should explain that the police function is mainly
one of control; and the fire service mainly of fire
fighting and rescue. The United Kingdom Warning
and Monitoring Organization (UKWMO) and Royal
Observer Corps (ROC) are mainly voluntary bodies
responsible for issuing the national air attack warning,
for monitoring levels of fallout and for giving public
warnings of approaching fallout.

Emergency services provided by local authority de-
partments are:

Food distribution

Housing

Public Health—sanitation, burial of dead

Demolition and clearance of debris—highways

Local radiac monitoring (wartime only)

Information to public (local)

Advice to public under fallout

Emergency planning

The local authorities are involved because they
control extensive resources and their structures are
readily adaptable to their extended or new tasks. We
consider it undesirable—perhaps not even feasible—
to set up new organizations to take over existing
functions at a time of national crisis.

Emergency services provided by central (or re-
gional) government or its agencies are:

Food supply

Water supply

Fuel and power

Air, rail or water transport

Military support to civil power

Equally the central government responsibilities re-
main as does the civil administration, although with
some devolution. I should explain that arrangements
exist for some reorganization of government and trans-
fer of authority in any war crisis severe enough to
make government from the centre impossible. Then
elements of central government would disperse to the
regions—there is no corresponding peacetime regional
structure—while elected local authorities would lose
their powers. However, local authority staffs would be
absorbed into this wartime government structure per-
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forming more or less the same tasks but then as
officers of a unified wartime government structure
embracing all levels.

14. Personnel of all of these emergency services
need and receive both general and specific informa-
tion, with emphasis on the wartime role. They are
taught the facts of nuclear war, which are new to most
of them, and are led into structured discussions of
their significance. They are told about planning ar-
rangements, the organization of wartime government
and their own responsibilities and, again, led into
structured discussion usually by way of an exercise or
“action game”. They are told about the availability of
specialist advice and, most important perhaps, about
the role of the scientific adviser. Opportunities are
taken within the discussions to consider lesser peace-
time emergencies, noting especially the different pow-
ers and responsibilities for, in a peacetime emergency
as in all but the most extreme war emergencies, central
government and local authorities continue to function
according to normal peacetime arrangements.

Radiation Protection Authorities

15. I mentioned the scientific adviser and 1 would
like to emphasize his importance. Home Defence Sci-
entific Advisers are volunteers (in peacetime) commit-
ted to serve at all levels of wartime government. They
are recruited mainly from universities, technical col-
leges, and schools, but some come from industry and
research establishments. They need to have a thor-
ough knowledge of weapon effects so that they can
analyse and interpret data, explain their significance,
review the feasibility of operations proposed and ad-
vise on important matters such as the release of the
public from fallout refuges. They have other duties as
well which are important but less relevant to this talk.
They have the most complete technical training of all
volunteers, some ten days of basic instruction and
perhaps another ten of advanced training, when they
can specialize. All training is organized centrally and
the training content is specified by my Branch. In
addition regular continuation training or practising of
skills is organized locally. Scientific Advisers partici-
pate in local or national exercises usually about once
each year.

16. I restrict myself here to those people with spe-
cific responsibilities in peacetime who are, as you will
remember, the staffs of the radiation protection au-
thorities: and I make that restriction because the
county emergency planning officers are, indeed, plan-
ners rather than operational officers. Now here I begin
to move away from familiar territory so I shall be
brief. Our National Radiological Protection Board has
a prime responsibility for specifying safety standards
in the light of international agreements; the Health
and Safety Executive, through its Nuclear Installation
Inspectorates is concerned with the enforcement of
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standards at nuclear sites, and indeed for all sites
where radioactive substances are used except only
military sites and the laboratories of the Atomic En-
ergy Authority. The Board, and all organizations in
the nuclear industry, recruit professionally trained
staff such as nuclear physicists and health physicists
who, providing both expertise and a training capacity,
perform the scientific advisory function full time and
more professionally than is possible in the home de-
fence field. The Board and the Authority both run
training courses and some universities also run spe-
cialist radiation protection courses. The Board and
the Executive both work closely with the Medical
Research Council, which is a focus for academic
knowledge, and with the Atomic Energy Authority.

17. The Health and Safety Executive is the licen-
sing authority for commercial nuclear installations and
is concerned with the safety of nuclear plants and their
emergency plans. Safety is the responsibility of the
managements concerned, for example the Central
Electricity Generating Board; but the Executive’s In-
spectorate has to be satisfied that the plans meet
safety requirements and that staff are familiar with
them and are trained and exercised in risks and emer-
gency procedures. Training is undertaken by the licen-
see’s own staffs. A distinction is made between “on
site” and “off site” emergencies; and plans for the
latter have to be prepared with the cooperation of
local authorities and national bodies such as, for ex-
ample, the Health Authorities and the National Farm-
ers’ Union. Emergency plans are accessible to mem-
bers of the public. The exercises are concerned mainly
with control and deployment in an emergency, and
some involve the local emergency services; but none
involves the general public.

Decision Makers

18. My last category is the decision makers. Now
decision makers exist at many levels: whatever the
formal responsibilities, powers are delegated and, in
the early stages of an emergency, decisions have to be
taken by officials on the spot, before the more senior
officials or ministers can be involved. Senior officers
designated for regional and local levels in the wartime
government structure are given the sort of indoctri-
nation, adapted to the appropriate level, that I de-
scribed when I spoke about the training of the emer-
gency service personnel. Again, emphasis is placed on
the importance of scientific advice; and officials are
reminded of the importance of looking beyond the
immediate crisis to social regeneration. It is difficult,
of course, to persuade busy senior officers to give their
time for this sort of training.

19. In addition, these same senior officers may be
invited from time to time to cooperate in studies
lasting two or three days, typically when government

is considering changes in policy. The main object is to
sound out opinions; but in order to participate in
discussions they have to revise and apply their knowl-
edge, so such studies provide a measure of continua-
tion training.

20. Peacetime disasters are handled differently, nec-
essarily by existing authorities. The principle is to act
at as low a level as possible, at county police force and
county fire brigade level unless there is a need to call
on substantial resources from outside. Both police and
fire services receive some training in dealing with
incidents involving radioactive materials and are
aware of the locations of such materials within their
own areas. There is a machinery for involving central
government, especially if the incident is severe enough
to require coordination at that level, if central govern-
ment or military expertise were required, or if the
emergency were one of particular political sensitivity.
Terrorist incidents would come within this category.
Plans are made and the officials and security forces
are exercised. Scientific advice would be important
and would be provided normally by scientists from the
Civil Service or the defence industries.

21. At the other end of the scale are minor incidents
involving nuclear materials outside nuclear establish-
ments, in transit for example. The major threats,
nuclear weapons or materials being carried to or from
nuclear power stations would be the responsibility of
the authorities concerned, with the police involved in
the control of the public at incidents. Minor threats
at, say, the level of radioactive sources used for indus-
trial or medical purposes, would be dealt with by the
police who have scientific and medical expertise avail-
able to them through the NAIR scheme—National
Arrangements for dealing with Incidents involving
Radioactivity. The police can request a response from
the nearest listed source of expertise, which may be
one of the larger hospitals, or Atomic Energy Author-
ity establishment or a defence establishment; and they
are advised which hospitals are capable of dealing with
radiation casualties.

Preparations in Sweden, Denmark,
France

22. Now, I have been invited to say something about
arrangements in other European countries. I am not
well informed so I shall be wise to be brief. In partic-
ular, I have no details of information and training
procedures; so I shall do no more than indicate the
extent of civil defence and civil preparedness activities
and we shall have to assume that the extent of the
training programmes are appropriate.

23. There are as many solutions as there are nation
states—perhaps more—and that is not surprising. But
there are some good reasons for differences. Some
European nations aim for neutrality, some perhaps



with some hope of maintaining it; while others include
war in their contingency plans. To some in the latter
group war could be expected to bring large scale land
warfare on their home territories, with all that that
may imply in terms of occupation and refugees; others
in that group expect no major land warfare. All com-
batants must expect air attack, not necessarily with
nuclear weapons (and assessments of that probability
are tending to change), but with a risk of indirect
effects of nuclear attacks elsewhere. In peacetime, a
few European countries must expect to experience
earthquakes; Italy, Yugoslavia, Albania and Greece
come to mind: others are vulnerable to major sea
flooding: but otherwise the likelihood of national dis-
asters is small. A growing number have to plan for a
peacetime nuclear disaster. I shall describe very briefly
the arrangements in a sample of 3 countries.

24. The first is Sweden. The Swedes expect to have
to face conventional attack in any war in Europe but
they are less inclined to expect a direct nuclear attack
than they were, say, 10 years ago. They have reviewed
their policy recently. They have one civilian organi-
sation to deal with the peace and wartime threats,
which works in close association with the military; and
their aim is to encourage people to fend for themselves.
They have an evacuation (relocation) policy. Training
is compulsory for civilians—until recently civilians
were expected to train in their free time without
compensation—and the duty is accepted. There is
support from voluntary organisations. There is much
publicity: a pamphlet has been issued describing pro-
tective measures in some detail; there is a civil defence
magazine; use is made of the mass media; the volun-
tary organisations distribute their own information.
There are 5 regional training centres with further
training at county and unit level. Some 20,000 people
receive formal training each year.

25. My second country is Denmark, which is closer
to what is likely to be the main theatre of operations.
The Danes expect both conventional and nuclear at-
tack. They have again one organisation to deal with
both peacetime and wartime threats, civilian but mil-
itary in style. Thus it is manned by municipal employ-
ees, who may be directed into service, and by volun-
teers; but with the backing of conscripts and army
reservists some of whom are formed into mobile col-
umns. However, that organisation has only a coordi-
nating function in a peacetime emergency. The Danes
will encourage their people to “stay put” in war, be-
cause they believe their own homes will provide the
best protection available and because they wish to
keep the roads as free as possible. Publicity is through
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pamphlets, meetings, discussions, films and exhibi-
tions. There are a National Staff College, a Civil
Defence Technical School, mainly for training instruc-
tors, and facilities for training and exercising at unit
level. The mobile columns are given more comprehen-
sive training.

26. The last country is France. I shall not speculate
about what sort of war she expects to fight but I can
say that there is again one civilian organisation whose
functions include research and practical studies as well
as planning and training. The organisation is in-
structed specifically to look ahead to the recovery
phase, which is unusual I think, and it is supported by
voluntary organisations. A point of interest is the way
the French organise to deal with peacetime disasters.
They have ORSEC—their Organisation des Secours—
which defines responsibilities, and includes an inven-
tory of resources that are or can be made available,
and the procedures to be followed as the local officials,
who carry the first responsibility, need to call for
national or military resources in aid. That scheme has
worked well on a number of occasions. Information is
provided through a booklet, information leaflets and
brochures, the mass media, the cinema and through
exhibitions at local functions. Specialist personnel are
trained at state centres, the others locally.

27. A common factor I observe here is the extent to
which the public are informed and expected to coop-
erate. In UK we have been very cautious indeed in
releasing information and we have a public that is
largely apathetic and to some extent hostile. It was
the same in 1939 and 1940. Whether the apathy is due
to the lack of a positive lead I would hesitate to say;
but I think we must accept that in UK we have
exploited the goodwill that we have a great deal less
than we might have done.

28. The only European country that I know of
which has separate organisations for Civil Defence
and Civil Preparedness is Italy. There the Fire Bri-
gades are expected to take the lead in peacetime
emergencies and one may surmise that liability to
earthquakes is a factor that contributes at least to the
decision to organise that way.

29. That, then, concludes my survey. I shall not
attempt to summarize: but, referring back to my rather
lengthy introductory passage where I ranged over the
subject of public attitudes and public needs, I am left
wondering whether we pay quite enough attention to
defining our objectives, in terms of who should know
what, and to devising procedures that are really ap-
propriate and effective.
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I Introduction

A. Background (updated by editor of
Proceedings)

The National Council on Radiation Protection and
Measurements (NCRP) is holding a symposium on
radiation protection in the aftermath of a variety of
nuclear disasters that might occur in either peacetime
or wartime. The symposium is a preliminary step in
the work of a new NCRP scientific committee estab-
lished to examine and advise on controlling the expo-
sure of the population from such radiation hazards.

In support of the symposium, SRI International
undertook an investigation to summarize the current
state of knowledge concerning the radiation environ-
ments to be expected as a result of several types of
disasters. The results of that investigation will provide
a reasonably comprehensive description of the envi-
ronment to be expected from each of seven incidents
that would result in radioactive contamination of size-
able areas [1]*.

This report summarizes the results of those inves-
tigations; it is intended to provide speakers and other
participants at the symposium with a common set of
assumptions concerning post disaster environmental
characteristics.

B. Content

Table 1 summarizes the content of this entire report.
The incidents are identified along the top, and the
environmental factors are listed down the left column.

* References are listed at the end of this report.
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The results of the investigation occupy the central
part of the matrix. The remainder of this report pro-
vides some clarifying discussions and amplifications of
the material contained in Table 1. The incidents are
discussed in the order shown across the top of the
table, and, for each incident, the discussion follows the
order of the environmental factors in the left column
of the table.

II Multiweapon Attack
A. Introduction

A hypothetical strategic attack on the U.S. that has
been used in several recent studies was chosen for this
investigation. The attack is described in more detail
in later portions of this section.

All weapons employed in the hypothetical attack
have yields = 1 megaton. With such weapons, the
initial nuclear radiation emitted within the first min-
ute after the explosion is a minor threat when com-
pared to the effects of blast and thermal radiation.
The radiation environment of concern is limited to the
residual radiation contained in the fallout (surface and
near-surface bursts) or the induced activity in the
ground (air bursts).

B. Properties of the Radionuclides

1. Sources of Residual Radiation

The residual radiation arises mainly from three
types of weapon debris: fission products created when
uranium or plutonium atoms are split; unfissioned
uranium and/ plutonium atoms; and radioactive iso-



APPENDIX A

/

‘uotjerpes 4 puw ‘g ‘v apnjaul paIapisuod sjuapLaUl jo sadK) ay) ‘umoys are sad£3 uoneipel Jueoduwt JsOW ayl L[uQ e
o “juaplour jey) 10§ jusriodwi sow wu.. a1e paisi| sadojost dyLads Ay e

‘suodeam p[al£-mo[ WOL) UOIIBIPRI [BNPILa PUB [BNIUT 0 PIIIWI| 318 SUOLY

wnsyy ‘8)2¥118 uodvom a[3uls uj e

‘suodeam plalA-y31y woly uonBIPRI [BNpIsaL 0) PAIWI| 318 suondwNsss ‘§)0v1Ie UodRaMII[NW U] o
'S91BWIISI UO PAse( aq ‘3asIN0I JO “ISNW UOTIBULIOJUL SIY) JO YONA e

$3I0N

1308 10 senpise
uodwen 18u}

e10dea
pus e3se8 oo
usesad uoyldes;

(vojesndeip 399)
oWi0] [PIVIEN] I

e31>112ed 91qnjosu}

‘afaey L1eagivjea
ug peddeay (ax ¢
23 owos Suipniduty)
300y *dIqniosu}
%908 ‘elqnios seos
-opunod®od enoyisa
uy L1javesad eedol
~083 1%y30 ‘wioj

Jo ea7333awd [jves $308P] 2% 108291 - 708 pue epunodeo Tejuswmle uy (o s93110d01g
u} spunodeod enojasy Tona] 2033ve1 02 aejElqd 9103 10j ov Sweg Tedtwey> enojisp uodvealiIjne sv sees ‘1y) ssevs 11mu] 1991W9Y) °d
‘uodsenjitne 103 ev
Juee :yenpjesy (2)
Puos1oe193uF vosInd:
®01) pus °e3dnpoa
‘w'wy Uojee}; jo uorl e31qeg
‘ng :espjuUFIY =3312%8-8p Wo1j eLe1 pevojseijan (¢)
c9) my‘qu‘azta sume8 feuoyides, (sSujpunoains
*1g :e7F3Iv]oA-uoN uojen) pus wojesij)| pus uodesp) e3dnp
*0y1-vg pu *e)'y (z 21991 29v) (z 91qe3 290) 9013 eke1 vwae8| -014 uoyIeATIW (2)
LET-9 ‘TET-1 TTYZ-WY ‘Tyz-nd| ‘o1’z :3T739T0A PIonpoad uojieatide | e3anpoad .5:!&3* PUB SuOIINeY :UOR $2d0108 OQC<) SIdnp 4u033100dm0)
‘901-7u ‘06-1§ ‘6§-1s ‘092-d ‘6€Z-d 130 sesdojos]] ‘e3dnpoid uoyeety ‘e33npoad uvojeerg -IpeR PNl (1) =014 uoyeels (1)| 3tdorosjorpey °q
.Qo-ouu.-!__
Inorres (2)
*eSuj punoaans (no1193)
*632q0p uodwea ‘3pos WIS YIJA suoj3deisjug *e32q3p vodeen
s32qep| 3o esd91d at1ey uo Sugpuads ((3enp) enyd uojeordxe)20/pus t108 jo eey>
wodwea 10/pus [jos| £3%A 03 eeydjized ‘(30np) s10so1sd pryos ‘ees ‘ioden (998 ‘20dwa ‘pynb; 19970M w013 UOTI] -33zed up sepJiInu uvojIegpey
Jo se3fiawd supg sujj Lysweaixy ‘e10dea ‘sreny pinbi1) t0soiey ‘PItos) fosoisy -ejpey 193319 (1) SAT 19903 puy Jo eadanog °®
$201100801aVY
40 s311v3d0Wd °T
p_—  ————————
suodeep spoy [ang juodg esEM0IT ARy
noryes -310deuvay 13y =310deusiy 3dwjang T o I 0209 uodwen ersuis Sodweaiarm
Jjusedosusay
Jusp}30Y BojIsIs0deunay WIPFIIY 101580y 1904 13933V uodwap bhad 1200}

XINIWH INTWNONIANZ/INZQIONI MOLILVIGVY

1 3199



259

/

APPENDIX A

‘syou1le uodeam 3[3urs ut suodeam plath-mo| J0j—s328118 uodeamnnus ui suodeam plats-ysiy Joyg ,

XIULVH INZHNOWIANG/INEQIONT NOLVIAVE
(perayIuga) { e1qey



APPENDIX A

/

XIWLVH INTNNOVIANE/INZGIONI NOI1VIAVE
(penug3uo)) 1 31qey



261

/

APPENDIX A

W 0001 03 0 woy Aysuap uonemdod Surumnssy

+,un| Iad | 03  woy ANsuap uong[ndod Surunssy ¢
“Hons(J 1940 33 OF 10§ 013z punosd winundp g

*s3enbepy|

*sjunbepy

se3333uenb s3unbe

*9u03 3807 I%OW

303
peayndes aq py
Jusweacs pjdes Ing|

Lad

s3enbepy

s3enbapy

*peainbea »q prnon

A1quqoad vopd
-230123 ppdea Inq
*a3enbepe L1quqoag

‘01 03 ¢ jo 103383
£q A1ddne arqerivas|
pesoxs sjuswsajnbey

s3jusEniIeu]
rqeIivAY °q

‘039398
Asazne swwS-viag
-£3111qeded ‘300e
-sanevem L3jaj3de

930G-80018 9u20Q13Y)|

Fe1e39m Lsaine wydy
po/pue s1939m Leas
summ$ £3jousiug

-sodeen
sySuse se sweg

*uodwen
srduje se sweg

*uodeen
srSuge s swes

*£33131qeded Sujand
~W0D pu® 0308USS
£338u230F AOT QITA
3939w01350dg vumwl
°010Q338 ‘eidjduve
33w ‘(ea1s3%m
Ksaane wydiy 10
/puw) s1a3sm Lsains
swmy8 L3jsusiug
Aot entd wodeen
-j3[nE s9 sweg

019%28y> 81939W00P|
e1330m Lanine A-g

(e913330wnd 103
uojesndelp 339)
ejusmmiinbey °v®
AULIN1S0q ‘€

*sesop

T9A]-AOT 03
suosied pueenoyl
Jo spezpuny ® jo
singodxe YepIeeIcg

*os0p 1939918

20 0¢/a1 o3 ‘4us
JU ‘may  paeodxs
suoszed 000T~ 03 0

“ss0p

2939918 10 OC/Q1
03 ‘Auw 3T ‘Asg
¢ pevodxe suositad
pusenoyl as3 03 o

*seduend
~s8u83 18n0]
qI3A ITem
3202 sv sweg

*ssop 1939918
20 0S/@1 03 A%}
K19p °suosaed
wojTIIm Z 03 da

(31 1) InoT(e} wo3j
wopIvIpes o3 pesod
-X9 suosied 90T-

MOror
PI23X uwo Bugpusdasp

000°01T 03 000°C
esja(enes) 1dwoig

‘uojI9Ipes swmos

03 pesodxs uojIey
-nddd aiyaue L(erl
-uasey] °welIjIvIV)
uolTTsw 00T ©3 dn|

sansodxy
woy3eyndog °d

*sSvesed pnoyd

‘estrm sawnbde jo
9,007 A9 ® 03 dn
203 wOjISUTEeI
003 83T Lisa
13708 3100 pauFw)
-80) °peIINj3e
el 1) q0 ]
saenbes jo 8,001
as3 ® 03 dg °©oj3
-sujEeiucd Lasey

*peIdRz e ATIq8sY

F *peIde}3
TIYSTT vae 3881 Y3
3O ISOH °peIBUTEY

(s3yneey ®aA3d
-2333090) 10N
pue wojvueidny

Inorye; Sups *sadusnd 30 sslym sawnbe [svess 138197 ‘peieu| -uod LTjasey 63 10} uvojesndeiq
“o“. M-l " *sayj® sawnbe | - 3su0d 13m07 YITA| AR} ® 03 dn :3Tem -jum3ved Ayjaveq| -Ses io(ey ey 998) uwojIvuIEe)
Ve ayte saenbe 1. peipuy A93 03 T| 3ITem 3100 sw sweg| 8109 peugwivodug ooTyw siwnbe asg| saende jo suorIly -802 jo WXy °q
ouodvopn spoy [ong Jusdg 1 0y-1 JveENOIjANY
-330dsuw1l 23V -310dsuwsiy ®3wjang TN on 3TN *10) uodeep atSurg o Uodwearatre
norTeg g
Jrusedosumeay
IVeP3 VY uogiIvIzodeuway JVSPFIIY 303308y 19M0¢ 39931y uodespy Ivepyoe]

XIWIVN LOIMNOWIANE/INAAIONI NOIIVIAVE
(peruiauod) { 79wy



APPENDIX A

/

262

‘0861 Futouauruiod pousad 1esk-g1 10§ ‘S[] Y3 UO FOENE UOERIMIINUI UBY) S33] 1BYMAUIOS PAWINESY .

*(UOISSNISIP 338) IYBIY OISIWOP UO JUTJTE [BIIIIWIWIOD

m. N uo ysgelod [BI8] Jo AN[iqeqold 07
183k I

nba 1noqe pawnsyy ,

100831 33d | 01 X | jo a::nuaca—ﬂ_@e 3103 ¥ 1B 2ALLIB

107083l aul{aveq awes 3y) 18 J0oo[ parepdn Jurye) SUOHBBISIAUL 19187 ‘SaOUBISWINIIL JO 195 Aue
woyy Junnsal 1[aur 3400 © Jo Lijiqeqoud s (Loday uassnwsey) Apmg A19jeg 101083y ul uAald an[eAp .

‘aye jo

1013002 3INOY3ITA
Ayaniy seansodxe
p1oaky3 3uvejug
4siq !eajiyeneed 10
ea131103w; Lrase oy

*pesynbaz
weiw jo uo}l3l
SUEPIVOISP 10/puw
wojIvoe] 63130339
313908 puw syjwep
33wy smoe Ayqjesod
fesy37ENeEd 10
3333TvIe} Ljawe oy

*9339339 2339u0
pue #313)(vIe
93wy Imos Aiqjes

{evoszad naj 10; ee

l-3338 A1aea L1qyee
‘89337 1vIe) A[aw®

*awak 3030w92
-23d #3117 10393
Aiaee auo- x €.

‘9339339 dj39uss
pus e3j3j10Iw)
33wy smos A(qjesoqd

*J0PEI0ITAUD
swjIsdved uy

f-ou. 3%aey peiapye
-U0d 3q pInoA I8Y3
398dn d3WOU0
pu® uOTIdNIY

-sop 9339339 wis}
-Suot asyio puw
®3337(v3e] juanbes
bqne jo A3griqresod
P1314 puw uojiwd0f
o Sujpuadap sywap
pavjpomm; spuwenocyl
jo sue3 o3 speapuny

‘uojadrassp puw
joridonaassp djmoucde
stede sfae( ‘warl}
-1eiwj juenbasqne
Kuwa 3o Lagy1qresod
{syavep 3vjpemmy

UoTITI® 091-0Z

ssdusnbasuo) °q

. *3wsk 13d evyym 183K <spedep 10d €0°0 I
WA 3151424 000°06 103095 3wd £3771q9q0ad a3y3 Ind
,'9pedap 1ad 10> aed (Ot E Y- pounese uo peseq| °1934 1032981 1ad ¢-OTXS puv e10309 *yde33e| eyeLyvUs svo ‘surm -A331199q01g ‘v
apedep 13d 10°0~] ¢-OIXT ©o paswq| 374, 111 uo peseq| uodwsajagne weya| -2938p 03 s1qjesed S3oNINDISNOD
VIPTIOT savag 2p933p 10d 1°0~| spedep 12d 900~ 1939028 edwying -u3 LTI aMv QOOHITANIT °§
VoY JvuiERIVOIeQ TVO3IFUTERIVOI0Q WO INUTER IUCINQ UojITUTERITOIeQ
*JUjap puw 00jITuIETIVOIeq ©OTITUERIV0Ieq uog3edorIY uojIwd0Tey uogjIed0(IY gojIs0]ay (uogsendeyp »9s)
pooj jo 1013u0) wogIwdoTay uot w01y 193104s a937ys a3tays LI STUNSVBNEIINNDD °Y
oa,.l-os spoy (eng jusdg Joemwo1jARy
norea =330dsweay 11V «330dowsi] 33wjang TN on 3t 2109 . codwep sduis [} uodeenjayrn
J3TEV0SVN.
uh IVOPE Y WOy IvIzodeunay JVSPTIIY 303299y 1904 %oe33y uodeep Juepide]

XIYLVW INZWNOMIANE/INIGIONI NOLLVIAVN
(pepnru02) Y ®1qey



topes formed by interactions of neutrons with weapon
materials. Another source is radioactivity induced by
neutrons interacting with elements present in the me-
dia surrounding the explosion.

The primary hazard results from the creation of
fallout particles following a land surface or subsurface
burst. Radioisotopes from the 3 sources mentioned
above condense on soil and other particles that are
sucked up into the fireball. These particles may be
dispersed over large areas by the wind in patterns that
can be predicted only approximately when details of
the weapon design and the weather are well known.

2. Isotopic Composition

Fission products are the predominant source of ra-
diation in fallout. These include more than 300 radio-
active isotopes of about 38 elements of medium atomic
mass (~72 through ~162 atomic mass units).

Activity induced in weapon materials is highly vari-
able. U-237 and -239 and Np-239 and -240 can be
significant contributors, particularly during the period
from 20 hours to 2 weeks after burst.

Neutron interactions with 0-16 and N-14 in the air
produce N-16 and C-14, respectively. These have half-
lives that are so short (7 seconds for N-16) or so long
(5,730 years for C-14) that they are hazards either
immediately or only in the long term but not during
times of most concern from fallout. Of the elements in
the earth and sea water, Na-24, formed by neutron
capture by Na-23, deserves most attention. It has a 15
hour half-life and emits relatively high-energy gamma
rays as well as beta particles. At early times, Mn-56
(half-life = 2.6 hours) can be a serious hazard. Tritium
is formed in fusion reactions, to a lesser extent in
fission, and by interaction of neutrons with nitrogen.
It is rapidly converted to tritiated water and becomes
associated with natural water where it is available for
consumption.

3. Chemical Properties

In general, the radioisotopes in fallout will behave
chemically the same as the non-radioactive isotopes
of the same element. The excitations involved in decay
processes will affect chemical reaction rates, and the
element changes associated with 8 decay will cause a
continuing assortment of reactions. The following dis-
cussions suggest chemical forms that may be found,
but, due to the large uncertainties concerning reaction
rates at the temperatures involved in an explosion and
with the highly excited states of many fission products,
any chemical form should not be viewed as completely
unexpected.

* Noble Gases (Kr and Xe): Being chemically inert,
these elements will be gaseous and in the elemen-
tal form if free in the atmosphere. They may,
however, be trapped or absorbed in a solid particle.
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* Halogens (I and Br): lodine is the most important.
These may be in the elemental form, in which case
iodine is likely to be a gas. They may also be found
as iodides, bromides, iodates, or bromates.

* Alkali Metals (Cs, Rb): These will probably be
found as oxides or hydroxides. Iodides are also
possible.

* Noble Metals (Ru, Rh, Pd, Mo, Tc): These may
be found as oxides, hydroxides, or in the elemental
form. Molybdates and pertechnetates are also
likely.

* Alkaline Earths (Sr, Ba): These will probably be
found as oxides.

* Rare Earths (including Y, Np, Pu, Zr, Nb): These
probably will be sequioxides or dioxides (Np and
Pu). All have extremely low volatility.

* Tellurium and Antimony likely will be present as
extremely volatile oxides.

4. Particle Properties

The physical nature of the particles that reach the
earth as fallout depend on factors such as height of
burst, atmospheric conditions and the nature of the
earth’s surface at the burst point.

No surface material is taken into the fireball by an
air burst. The particles consist of condensed radioac-
tive residues of the weapon materials with diameters
ranging from 0.01 to 20 um. These particles remain
airborne for long periods of time, and in the absence
of rainfall, early fallout is insignificant.

As burst height decreases, earth, dust, and other
debris from the earth’s surface are taken into the
fireball. Fission (and other radioactive) products con-
dense onto particles of appreciable size (1 um to several
mm). The larger ones begin to fall back to earth while
the cloud is still rising, while the smallest ones remain
suspended in the atmosphere for long periods. The
early (24 hour) fallout generally includes particles with
diameters of a few tens of micrometers and larger,
with the lower limit being dependent on yield.

5. Biological Availability

The amount of radioactive material absorbed from
early fallout by inhalation appears to be small. The
nose filters particles larger than about 10 um and 95
percent of those exceeding 5 um. Most particles in the
early fallout exceed 10 pm.

Absorption through the intestine is largely depend-
ent on the solubility of the particles. A majority of the
fission products as well as the uranium and plutonium
are chiefly present as oxides, many of which do not
dissolve to any great extent in body fluids. Many of
the radioisotopes that are soluble are trapped in large
insoluble particles, so absorption into the blood stream
is inefficient.
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6. Radiation Types

The fission products form a mixed beta-gamma
radiation source with a few neutrons during the first
few minutes. The unfissioned uranium or plutonium,
some of the transuranic elements, and many of the
daughter products of these isotopes decay by alpha
emission. The fallout field, therefore, is made of up
alpha, beta, and gamma emitters. The external haz-
ards to humans is almost entirely due to gamma rays,
although prolonged contact with the skin cause beta
burns. All three radiations can be hazardous to hu-
mans if the emitters enter the body. External beta and
gamma radiation both can be important to plants,
particularly during their growth period.

7. Energy of the Radiation

The gamma radiation from fallout is relatively low
energy radiation in contrast with gamma rays emitted
at the time of a nuclear explosion. At early times,
there are a few gamma rays with energies greater than
3 MeV, but most of the radiation consists of gamma
rays with energies less than 1 MeV. An effective energy
of 0 MeV is suitable for many purposes. The beta
radiation displays continuous energies up to about 5
MeV, while most of the alpha particles are in the
energy range between 4 and 6 MeV.

8. Decay Characteristics

Each of the more than 300 isotopes in the fallout
field decays with its own characteristic half life. When
the contributions of all isotopes are summed, it is
found that for times between 30 minutes and about
5,000 hours (200 days), the theoretical decrease in dose
rate with time can be approximated to within 25
percent by the simple expression.

Rl ~ R]t—l.z,

where R, is the gamma radiation dose rate at time t
after explosion and R, is the dose rate at unit time.*

The expression is only applicable if there is no
change in the quantity of fallout during the time
interval under consideration. It cannot be used for
periods while fallout is descending or if the fallout is
moved, e.g. by weathering, washing, etc.

Measurements indicate that the t™'? decay is a
reasonable average, but exponents have been observed
in the range between —0.9 and —2.0. Furthermore,
overlapping fallout from two or more explosions oc-
curring at different times will have completely differ-
ent decay characteristics. The decay rule is useful for
making estimates, but the estimates should be verified
by measurements as frequently as possible.

* The actual value of R, will depend on the units in which time is
expressed. It is generally expressed in hours, so the unit time for R,
is 1 hour. Physically, it is the dose rate that would be received from
a specified amount of fallout at 1 hour, although this quantity might
be in transit and may not have reached the location under consid-
eration by 1 hour after burst.

C. Areas Affected
1. Attack Description

The hypothetical attack selected for use is a stra-
tegic attack on U.S. military installations, military-
supporting industrial and logistics facilities, other
basic industries, and major population centers.

The attack consists of 1444 weapons with a total of
6,559 megatons, of which 5,051 megatons are surface
bursts [2].

3. Population Exposure

More than 67 million persons are located in areas
receiving unit-time reference dose rates in excess of
3,000 R/hr, more than 159 million in areas receiving
in excess of 300 R/hr, and more than 188 million in
areas in excess of 30 R/hr.

The dose rates mentioned above would not necesar-
ily exist since the deposition would take place over an
extended time period and the fallout is decaying while
deposition takes place. The four-day doses, which
consider arrival time and which represent most of the
lifetime accumulations, corresponding to the above-
mentioned unit-time dose rates are 5,400, 360, and 24
roentgens, respectively. Shielding or relocation could
reduce these accumulated doses.

D. Dosimetry
1. General

It is certain that large sections of the U.S. would be
subjected to heavy fallout as a result of a strategic
nuclear exchange, but there is no way to predict which
areas will be most affected. The requirements for
radiological instrumentation will depend not only on
where the fallout is but also on where the people are
relative to the fallout, and this latter consideration
also includes assumptions concerning evacuation from
high-risk to low-risk areas prior to the attack. In any
case, the basic instrumentation types that would be
required include beta-gamma survey (rate) meters,
dosimeters, and chargers.

2. Requirements and Availability

Estimates of instrumentation requirements based
on the attack discussed herein and different evacua-
tion assumptions have been made recently [3, 4].
Comparison of these requirements to the result of a
survey of instruments on hand shows the following:

Estimated

. On Hands

Requirement illions)

(millions) (miltions
Dosimeters 18-35 3.5
Chargers 6-10 0.5
Survey meters 6-9 0.5

The numbers available are obviously not adequate.



Additionally, the ranges of some of the instruments on
hand may not be adequate.

E. Countermeasures
1. Introduction

The four major ways to reduce the adverse effects
of fallout are: shelter, relocation, decontamination,
and minimization of ingestion and inhalation (the last
item is not discussed explicitly).

2. Shelter

The effectiveness of shelters usually is described in
terms of a protection factor (PF), which is the ratio of
the dose rate that would be measured 3 feet above an
(imaginary) infinite smooth plane to the dose rate
expected inside the shelter (accounting for surround-
ings as well as protection afforded by the shelter).
About 20 percent of the urban population and 19
percent of the rural population of the U.S. could be
afforded a PF of 1,000 or more (subways, mines, caves,
and some basements) without evacuation, while about
75 percent of the urban population and 43 percent of
the rural population could be afforded PF’s of 100 or
greater. A more complete breakdown is provided in
Reference 1.

3. Relocation

Relocation is a preventative rather than a protective
measure. If performed before an attack, large numbers
of people would survive that otherwise would be killed.
The precise efficacy of relocation would depend upon
proper identification of areas most likely to be at-
tacked.

After the attack, the desirability of moving would
depend critically on a knowledge of the fallout fields
outside the immediate vicinity, availability of trans-
portation, and availability of shielding at the present
and future locations. Coordination and communica-
tions with other locations would be necessary.

4. Decontamination

Decontamination would always reduce radiation ex-
posures, but large scale decontamination to high de-
grees of effectiveness will require months of effort.
Less effective decontamination with mass participa-
tion of the populace for short times should be consid-
ered initially.

F. Likelihood and Consequences

It seems generally accepted that the probability of
nuclear war is greater than zero, but it becomes diffi-
cult to quantify the value further. In many cases, the
estimates appear subjective, e.g. many describe nu-
clear war as “unthinkable” while at the same time
evaluating its probability as being very high. It appears
that these estimates of probability are arrived at
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through concern as to the consequences (i.e., the es-
timators appear to be evaluating risk, which is a com-
posite of probability of occurrence and the conse-
quences if the incident occurs). One attempt at an
objective evaluation [5] using a calculating procedure,
resulted in a probability of 0.03 per decade. It also
reported on opinion polls that had a median of about
0.1 per decade with a wide scatter.

The consequences of a multiweapon nuclear attack
would certainly be grave, but exact numbers have
large uncertainties. Estimates of 20 to 160 million
short term fatalities have been made, with the major-
ity of the survivors receiving doses from >10 to a few
hundred rem. Nevertheless, recovery should be possi-
ble if plans exist and are carried out to restore social
order and to mitigate the economic disruption.

IIT Single-Weapon Attack
A. Introduction

A large body of information exists concerning the
effects of single nuclear explosions, but there have
been fewer in-depth studies related to post-attack
recovery from single-weapon attacks than there have
been for multiweapon attacks.

Circumstances associated with a possible single-
weapon attack might include: terrorist activity (either
with a “home made” weapon or one supplied by an-
other nuclear power); covert attack by foreign nation-
als (possibly several widely spaced incidents); or acci-
dental or deliberate (as a show of force during conven-
tional or tactical nuclear war) delivery of a single
strategic weapon. A terrorist weapon could range from
a very primitive design to a reasonably sophisticated
system.

A single-weapon attack seems likely to be conducted
with a lower yield weapon than would be expected in
a strategic attack. For such weapons the radiation
environment would include the initial nuclear radia-
tion as well as the residual. If the weapon is burst on
or near the earth’s surface, fallout would again be the
primary residual radiation. Only a limited discussion
of the latter is presented because of similarities to the
multiweapon case.

B. Properties of the Radiation
1. Sources of Radiation

The initial radiation of concern consists of neutrons
and gamma rays.* Most of the neutrons are emitted
during the fission and fusion reactions during the first
microsecond of the explosion. Part of the gamma rays
(=10 percent for a burst of air) are emitted simulta-
neously with the explosion. The remainder are pro-
duced by secondary processes (mainly reactions with

* Alpha and beta particles that are emitted may be ignored because
of their limited range in air.
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atoms in the air) or de-excitation and decay of fission
products.

The sources of residual radiatiun are the same as
those discussed for a multiweapon attack.

2. Radioisotopic Composition

The explosion is the source of all radiation during
the first few nanoseconds, and this accounts for essen-
tially all of the neutrons. Inelastic scattering of neu-
trons by nitrogen in the air then becomes the primary
gamma-ray source for a few microseconds when iso-
meric decay of fission products becomes predominant.
After about 100 microseconds, gammas resulting from
neutron capture in nitrogen assume greatest import-
ence. Finally, after about 0.1 seconds, fission product
decay becomes the only important source of gamma
rays. Initial radiation is terminated after 1 minute
according to a somewhat arbitrary definition. The
residual radiation (after 1 minute) sources are the
same for a single weapon as those described for a
multiweapon attack.

3. Chemical Properties
See Section II B 3.

4. Particle Properties
See Section II B. 4.

If a terrorist weapon were to be burst in a basement,
the debris might be expected to contain a higher
fraction of large particles resulting in sornewhat larger
areas of high intensity radiation close to the burst
point and somewhat smaller areas of lower intensity
radiation.

5. Bivlogical Avaiiability

The discussion in Section II B 5 is applicable, but,
in the case of a single burst in peacetime, more concern
would be given to inhalation and ingestion of small
quantities of radioactive materials even though reten-
tion of the mujority of such particles would be short.

6. Radiation Types

Initial radiation: neutrons and gamma rays. Fallout:
alpha, beta, gamma radiation as for multiweapon at-
tack.

7. Energyv of the Radiation

The gamma-ray portion of the initial radiation is
more energetic, and consequently more penetrating,
than are the gamma rays from fallout. The spectrum
covers a wide range of energies. An effective energy of
1 MeV is used frequently for simplified calculations.

The neutrons are given off in a complex spectrum
with energies ranging up to about 10 MeV for fission
weapons and 14 MeV for thermonuclear weapons. The
spectrum varies (hardens initially) with passage of the
neutrons through air.

The discussion of Section II B 7 is applicable to the
residual radiation from a single-weapon attack.

8. Decay Characteristics

The discussion of Section II B 8 is applicable.

C. Areas Affected
1. Incident Description

A surface burst of about 1 kt yield and an air burst
of about 40 kt yield are considered herein.

2. Extent ¢f Radiation

a. Surface Burst, 1 kt:
Initial radiation would be essentially circular about
the burst point. Combined neutron and gamma doses
would extend to the following approximate radii:

~500 R ~0.5 miles
~ 50 R ~0.6 miles

The fallout would extend downwind in a pattern
that, for simplicity, is taken to be roughly elliptical
with dimensions as follows*:

S Downwind Maximum
Unit-Time . .
) Distance Width
Dose Ra'e -
(R/hr) (Statute (Statite
. Mi!ei) Miles)
1,000 1.8 0.036
300 45 0.13
100 8.9 0.38
30 16 0.76
b. Air Burst, 40 kt
Initial radiation (radii):
1,00 R ~0.9 miles
100 R ~1.1 miles
10 R ~1.4 miles

The residual radiation would consist of a relatively
small, generally circular area of induced activity under
the burst point. The intensity would depend strongly
on the chemical composition of the soil (or other
material) under the burst.

3. Population Exposure

a. Surface Bur<t, 1 kt
In a typical U.S. city, about 8,000 persons would be
il. areas exposed to at least 450 R free-field initial
radiation dose (about 1,200 to 1,800 of these people
would be likely blast fatalities), and an additional 3,500
would be in areas exposed to between 50 R and 470 R.
In addition, in a large city approximately 20,000 per-
sons would be in areas exposed to at least a 450 R 4-

* A 15 mph scaling wind is assumed. There would also be a relatively
small circular area contaminated generally in the upwind direction.




day dose from fallout, about 170,000 persons would be
in areas exposed to at least a 50 R 4-day dose, and, if
the burst occurred in one of the very large metropoli-
tan areas, up to 1 million persons would be in areas
exposed to a few R.
b. Air Burst, 40 kt

About 40,000, 60,000, and 80,000 persons would be
in areas where the free-field radiation doses would be
450, 200, and 50 rad, respectively.

C. Dosimetry
1. Requirements

The same types of instruments required for the
multiweapon case would be required in the single
weapon fallout areas. Additionally, alpha survey me-
ters, air samplers, and airborne spectrometers would
be required for the long term peacetime clean up
operations.

2. Availability

Adequate instrumentation is available, but imme-
diate availability would depend on the location. Some
instrumentation probably is available in all major
urban areas. Additionally, existing Department of De-
fense and Department of Energy resources could be
called upon. The latter are discussed in Section IV,
below.

D. Countermeasures

Shelter, relocation, and decontamination should all
play a part in the recovery. If the attack should occur
in a densely populated area, wounded persons and
bodies of the dead would be in the area, and there
might be a tendency toward panic. A strong desire to
evacuate probably will exist among survivors, but,
until the best route is determined, shelter may be the
best course of action. Once the location of the contam-
ination has been established, a rapid evacuation would
be in order.

If started with other emergency actions, decontam-
ination will allow the other actions to be performed
more efficiently.

E. Likelihood and Consequences

The technology for constructing a nuclear weapon
is available in unclassified sources. Although it would
not be a trivial job, it would be possible for a terrorist
group, an extortionist, or a country that is not a
nuclear power to build a weapon. On the other hand,
the technical capability to build a weapon is meaning-
less without the necessary special nuclear material
being available.

Possible motives for building a weapon are too nu-
merous to list, but it appears that the difficulty of
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obtaining the weapon grade material may be the gov-
erning factor in determining probability. Overall, the
probability appears somewhat greater than that of a
multiweapon attack.

The consequences of a single-weapon attack would
depend strongly on the circumstances.

A surprise attack on a U.S. city certainly would
cause large numbers of casualties and fatalities. A 1
kiloton surface burst could cause from 5,000 to 10,00
early fatalities (with 1,200 to 3,000 being from blast),
3,000 to 5,000 additional prompt casualties and larger
numbers of delayed casualties from prompt effects. As
mentioned above, large numbers of people would po-
tentially be in areas covered by fallout. The numbers
of fatalities and casualties produced by the fallout
radiation would depend upon the exact scenario as-
sumed for protection and evacuation.

A 40-kt air burst over a U.S. city could be expected
to produce 50,000 to 75,000 early fatalities, with the
exact number being dependent on the height-of-burst
and the degree of shielding available for both blast
and initial nuclear radiation.

IV Reactor Accidents
A. Introduction

The risk to the public posed by an accident at a
reactor can be analyzed for a particular site by care-
fully considering the design and operating character-
istics of the reactor, the local weather, the population
and shelter distributions around the plant and the
potential for evacuation or other measures. Such site
specific evaluations have not been performed in com-
plete detail for all operational or planned sites. The
Reactor Safety Study [6] (hereafter referred to as RSS
or WASH-1400), although subject to large uncertain-
ties, provides an accident risk model that can be used
to assess the potential accident risk of a plant, at least
in comparison to other plants. Such evaluations are
currently being performed [7].

Reactors are extremely complex systems that con-
tain numerous subsystems to prevent the release of
radioactive materials. A series of sequential failures
must occur to allow release of radioactivity. Many
such sequences are possible, but all of them are ex-
tremely unlikely. For the purpose of this study, two
accident sequences were selected from the multitude
of sequences that were examined in the RSS. One
sequence involves a core melt and the other does not.
These sequences, which are described later, were se-
lected to illustrate a range of consequences. They do
not represent bounds on either the consequences or
the risks. In fact, it is not known whether sequences
that would represent bounds have been examined.
The sequences merely represent possible scenarios of
accidents that could occur, and thus they provide a
framework for discussion.
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B. Properties of Radionuclides from Core-Melt
Accident

1. Sources of Radiation

The sources of radiation are similar to those dis-
cussed in the preceeding sections: fission products,
activation products, and unfissioned debris. The
release would be in the form of an aerosal.

2. Isotopic Composition

The computer program used in the RSS to calculate
the time dependent concentration of isotopes keeps
track of 246 activation products, 461 fission products,
and 82 transuranics. With very little sacrifice in accu-
racy, these numbers may be reduced for dose calcula-
tions. First, the minimum delay between the start of
an accident and the release of radioactive material
would be at least 0.5 hour and could be 30 hours. Most
of the activity will be from daughter products of iso-
topes that were created long before the accident and
the delay allows elimination of the few very short-
lived isotopes that are present. Second, isotopes whose
activity (in curies) is several orders of magnitude below
the more prevalent ones may be eliminated. Finally,
if the isotopes are grouped by chemical behavior, some
may be eliminated because they contribute only a few
percent of the dose from the group. The list may thus
be reduced to 54 nuclides as shown in Table 2, which
also shows the inventories and half-lives. The inven-
tories were calculated for a 3200 MWt, three region,
pressurized-water reactor (PWR), with the 3 regions
having burnups of 880, 17,600, and 26,400 megawatt-
days per metric ton of uranium, respectively at the
time of the accident. Also shown in Table 2 are the
fractions of each isotope expected to be released during
the hypothetical accidents [8].

3. Chemical Properties

The chemical forms generally are expected to be
similar to those described for a multiweapon attack.
Cobalt will likely be present as the oxide or hydroxide,
and the additional transuranics will probably be in the
form of oxides.

In the RSS it was assumed that a large fraction of
the iodines would be in elemental form. In that case,
the iodine would be released in a vapor form at core
temperatures, and large release fractions would be
expected (c.f. Table 2). Since iodine is relatively active,
it would seem likely that it would combine, in which
case smaller release quantities would be expected.
This hypothesis was borne out by the absence of
iodine in the Three Mile Island release (a partial core
melt). It has been suggested that a large fraction of
the iodine would combine with cesium, which is an
abundant fission product and very active chemically
[9]. In the absence of other quantitative estimates, the
RSS quantities are used herein, but the reader should

be aware that iodine would be much less common, and
that the noble gases constitute the release threat in a
no-melt accident.

4. Particle Properties

The aerosol released during a reactor accident is
expected to be a system of gases and suspended par-
ticles, both solid and liquid, that will range from 3 pm
to 50 um diameter. If the core does not melt, the
material available for release will consist only of those
gases that have migrated out of the fuel pellets into
the plenum of the rod and whatever particulate matter
that might have flaked from the surface of the pellets
to become available to be swept out of the fuel rod by
the gases if the cladding of the rod fails.

5. Biological Availability (Mainly Core Melt Ac-
cident)

Generally, the biological availability is similar to
that of the weapon products, but the smaller particle
sizes would cause inhalation to be a more important
pathway for the reactor products. Of the fission prod-
ucts, only the isotopes of strontium, iodine, and cesium
would represent an ingestion hazard comparable to
that from inhalation. Between 20 and 95 percent of
the cobalt that is taken into the gastrointestinal tract
is transferred to the blood. Neptunium, americium,
and curium are expected to behave in a manner similar
to plutonium.

6. Radiation Types

As is the case for weapon explosions, alpha, beta,
and gamma radiations can be generated. The gammas
are of prime concern for external dose, while the
alphas and betas are both of concern for internal dose.

7. Energy of the Radiation

Similar to that described for residual radiation from
weapons.

8. Decay Characteristics

The radionuclides in the release will include both
young and old fission products and neutron-activation
products, with a much higher proportion of longer
half-lived isotopes than is the case for weapon debris.
Isotopes with very short half-lives would be important
in relatively small quantities if present, but the delay
between occurrence of the accident (with resultant
cessation of fission) and the release allows these iso-
topes to decay away. Considering these factors and
the gamma energies of the radiations, only the follow-
ing isotopes need be considered for the external dose
from deposited contamination: Co-58, Co0-60, Nb-95,
Zr-95, Ru-103, Ru-106, 1-131, Cs-134, Cs-136, and Cs-
137. For the first few weeks, the iodine is most impor-
tant; next, the isotopes of ruthenium will dominate the
dose up to about a year; thereafter, cesium is domi-



nant.* During passage of the cloud, those isotopes
with half-lives shorter than about 8 days are most
important (see Table 2).

C. Areas Affected
1. Description of Accident

a. General

Release of significant quantities of radioactive nu-
clides beyond the reactor enclosure usually requires
overheating the core. This overheating can result from
a failure in the cooling system or as the result of a
transient increase in power beyond the capability of
the cooling system to counter. If a temperature on the
order of 2,200°F is reached, the zirconium cladding on
the fuel rods will react with the surrounding water to
form zirconium oxide with a release of hydrogen. The
zirconium oxide is brittle, and eventually it will fail. If
the temperature rises above 4,800°F, the fuel pellets
will melt.

b. Core Melt Accident

This release category can be characterized by a
sequence of malfunctions leading to a core meltdown
followed by a steam explosion on contact of molten
fuel with the residual water in the reactor vessel. The
containment spray and heat removal systems are also
assumed to have failed and, therefore, the contain-
ment could be at a pressure above ambient at the time
of the steam explosion. It is assumed that the steam
explosion would rupture the upper portion of the
reactor vessel. In the extremely remote probability
that the containment vessel were also breached (from
forces within, or a coincidental force, like a meteor
impact, from without), a substantial amount of radio-
activity might be released from the containment in a
puff over a period of about 10 minutes. Due to the
sweeping action of gases generated during contain-
ment-vessel meltthrough, the release of radioactive
materials would continue at a relatively low rate there-
after. Because the containment would contain hot
pressurized gases at the time of failure, a relatively
high release rate of sensible energy from the contain-
ment could be associated with this category. This

* A rough estimate of the dose-rate decay may be obtained by
assuming that the dose-rate decay is proportional to the heat loss.
For infinite irradiation, the decay heat may be calculated from

P/Po = 0.130t™"*, 150 < t < 4 x 10° sec,

where P/Po is the fraction of operating power and t is the decay
time in seconds. If the dose-rate decay is proportional to the heat
and the dose rate, D,, is known for some time, t,, then for any other

time, ta:
Dz tz -0.283
D, t

where t may be in any units. This equation has not been substan-
tiated empirically or theoretically. Alpha decay will affect the heat
significantly without affecting external dose. Nevertheless, the pro-
portionality may be reasonably close.
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category also includes such accident sequences as a
failure of containment through rupture of cooling or
feedwater pipes permitting release from containment.
In these sequences, the rate of energy release would
be lower, although still relatively high.
c. No Core Melt

This category approximates a pressurized water re-
actor (PWR) design basis accident (large pipe break),
except that the containinent would fail to isolate
properly on demand. The other engineered safeguards
are assumed to function properly. The core would not
melt. Most of the release would occur in the 0.5-hour
period during which containment pressure would be
above ambient. Because containment sprays would
operate and core melting would not occur, the energy
release rate would also be low.

2. Extent of Contamination for Core Melt Case

The contaminated area could cover a sector roughly
22.5 degrees on each side of the center line in the
direction of the effective wind to a distance of about
200 miles. Potentially fatal doses (beginning at about
300 rem), would be limited to about 10 miles downwind
from a severe accident release. Exposure up to 50 rem
could occur as far as 50 miles, and latent cancer
fatalities might occur as far as 200 miles from a severe
accident.

3. Population Exposure

The population that could be exposed depends upon
the specific site. Ranges in population are:t

360° Around Site
Low High
Radi . Populati " Populati
(milesy Site (thousand) Sits (thousands)
10 Sundesert 0 Indian Point 218
30 Sundesert 0.09 Indian Point 3,985
50 Sundesert 7.8 Indian Point 14,471
Highest 22-1/2° Sector
Radius Site Population
(miles) (thousands)
10 Zion 65
30 Indian Point 1,800
50 Indian Point 8,000

Among the 111 existing or planned reactors almost
any number is possible up to the Indian Point
maximum within 50 miles, depending on the site and
weather.

D. Dosimetry

Interim guidance has been published [10] and is
being used by FEMA and NRC staff in their reviews
of emergency plans and preparedness of state and
local governmental and facility operators. After
public comments are received, NRC will establish a

1 Based on 1970 census.
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Ru-103
Ru-105
Ru-106
Rh-105
Te-127
Te-127m
Te-129
Te-129m
Te-1318
Te-132
8b-127
Sb-129
I -131
I -132
I =133
I -134
I -135
Xe-133
Xe-135
Cs-134
Cs-136
Cs-137
Ba-140
La-140

Co~58
Co~-60
Kr-85
Kr-85a
Kr-87
Kr-88
Rb-86
8r-89
8r-90
Sr-91
Y -90
Y =91
Zr-95
Zr-97
w95
Mo-99
Tc-99m
Ce-141

*

planation of why several nuclides in Ta-

Note: See page 7, Dr. Spencer’s paper, for ex-
ble 2 are identified by a bullet. (Ed.)

Parenthesis indicates weak intensity.

*
%

SF = Spontaneous Fission.

an emergency operations center. The equipment

schedule for implementing the requirements for

staffing and equipment.

geophysical phenomena monitors

(meteorological, hydrologic, and seismic); radiological

shall include:
the facility

interim guidance requires

The
operators to provide for activating and staffing

monitors (process, area, emergency, effluent, and



portable); process monitors (reactor coolant system
pressure and temperature, containment pressure and
temperature, liquid levels, flow rates, status or lineup
of equipment components); and fire and combustion
products detectors.

The guidance further requires the operators to
make provision for offsite monitoring equipment,
including: geophysical phenomena; radiological
(ratemeters and sampling devices); and laboratory
facilities (either fixed or mobile).

The equipment listed above adequately covers
immediate emergency requirements as to type.
Quantities, either planned or on hand are unknown.

In addition to the equipment listed above, it would
be desirable to have a capability for aerial surveys,
including spectral measurement and analysis, to
rapidly identify the composition of the discharges.
The Department of Energy has such a capability,
and it was put to use at Three Mile Island [11]. The
Department of Energy Laboratories also have
analytical and measurement capabilities that can be
made available rapidly under the Interagency
Radiological Assistance Plan (IRAP).

E. Countermeasures

Homes with windows and doors closed can reduce
the inhalation hazard for occupants while the plume
from the discharge is passing. Since the discharge
will take place over an extended time compared to
an explosion, earlv warning could make such
precautions fruitful.

If monitoring shows a release capable of producing
serious injury, evacuation may be undertaken.
Generally, this should involve only personnel within
about a 10 mile radius.

The most serious hazard from ingestion is likely to
come from radioiodine. Potassium iodide may be
used as a thyroid blocking agent, if supplies are
available for early dispersal.

Decontamination and food control can reduce
exposures after the accident. Control of milk to avoid
iodine ingestion may be necessary to a radius of
hundreds of miles.

F. Likelihood and Consequences

The RSS [6] arrived at a probability of an accident
involving a core melt of 5 X 107® (1 in 20,000) per
reactor per year. This is a planning number intended
for general use where no better quantity exists. Ac-
tually the probability depends on the specific reactor
design. Recent analyses of 8 designs shows estimates
from 2 X 107 down to 1 X 10™° per reactor per year
[7]. Nevertheless, reactor accidents represent very low
risks compared to most man-caused fatal accident
types.

The consequences will depend on the site of the
accident as well as the magnitude of the release. In
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general, less than 10 percent of the accidents involving
core melt will result in lethal doses offsite (i.e. more
than 90 percent of the core melts will not produce
lethal doses offsite), and no early fatalities are ex-
pected if there is no core melt.

The Surry reactor would be expected to produce
one or more acute fatalities at the rate of 3.2 x 107°
per year if located at Indian Point, but at the rate of
only 1.5 X 1077 per year if located at Diablo Canyon
[7]. Integrating the probability-fatality relations for
the Surry reactor at 6 locations results in expected
consequences ranging from 1.6 X 10~° early fatalities
per year at Diablo Canyon to 6.1 X 1072 early fatalities
per year at Indian Point (Indian Point reactor at its
own site is expected to be about 2.2 x 107* early
fatalities per year).

Reactor accidents are low probability events, but
consequences may be high. If there is one fatality
there is a likelihood of several hundred, i.e. the prob-
abilities for one and for several hundred are almost
identical. Nevertheless, reactor accidents represent
low risks compared to most man-caused accidents.

V Transportation Accidents-Spent Fuel
A. Introduction

At present, almost all spent fuel is being stored at
the reactor sites and no transportation is being per-
formed. Should shipping commence, there will still be
a holding period of at least 120 to 180 days after
removal from the core. Shipments will be in specially
designed and licensed casks. The casks consist of
concentric stainless steel cylinders containing the fuel
assemblies, lead shielding, neutron absorber, and cool-
ant. Casks designed for truck transport range in ca-
pability from 1 to 3 PWR assemblies and 2 to 7 BWR
assemblies with loaded weights ranging from 23 to 36
metric tons. The casks have impact limiters on the
ends and are designed to survive 30 mph* impacts
[12]. A testing program precedes licensing. Although
the shipping casks are licensed for as little as 120 to
180 days of cooling, it is expected that shipments
seldom will be made in less than about a year of
cooling.

B. Properties of Radionuclides

The radionuclides that might be released from spent
fuel are those that might be released from a reactor
core accident (see Table 2), i.e., they are the nuclides
found inside the fuel rods, including iodine. The main
difference is the age, which eliminates the shorter half-
life isotopes. The discussion of Section IV B is gener-
ally applicable concerning all properties.

If there is an accident involving cracking of the case
or penetration of the case by a missile the gaseous
nuclides present in the open space of the rods will

* Based on vertical drop tests of the cask on a solid concrete slab,
where the cask velocity reaches 30 mph.



272/ APPENDIX A

escape and will carry with them particles that may
have flaked off. The release generally will have chem-
ical and physical properties similar to those described
for reactors. Yttrium-90 (half-life = 2.67 days) is
the shortest half-life expected to be significant (see
Table 2).

If an intact fuel assembly should somehow be
ejected from the shipping cask, the unshielded assem-
bly would represent essentially a point source of 1.8
X 10° curies. This has been taken as a very low-
credibility bounding event for analysis [12]. If that
should occur, the dose-distance relation is:

—3.5 x 10~3%

RZ
where D is the dose rate in rem/hr, and R is the
distance in meters.* Such an accident would also be

expected to release more activity in the plume as a
result of damage to the ejected assembly.

D=82x10°

C. Areas Affected

Calculations were performed [12] for integrated ex-
posures of persons exposed to the plume directly, and
then exposed for 1 day to the deposited contamination.
If no fuel rods are ejected but a fire occurs after the
impact, the estimated exposures from the airborne
release are:

Distance Lower limit Upper limit
(feet) (rem) (rem)
100 2.9 410
1,000 2.1 285
10,000 0.11 15

The plume would be expected to expand downwind
into about a 15° sector.

D. Dosimetry

The same types of dosimetry required for reactor
accidents would be required for vehicle accidents.

The author has found no reference to a requirement
for instrumentation to be available on the vehicle, so
it is assumed that instruments would have to be
brought to the scene. Some action probably would
have to be taken to mitigate exposure to personnel at
the scene prior to arrival of instruments.

E. Countermeasures

Temporary evacuation of a buffer area would appear
to be the immediate measure to be taken. Otherwise,
countermeasures are similar to reactor accidents.

¢ Assuming fuel assembly irradiated for 33,000 MWD/MTU fol-
lowed by 180 days of cooling.

F. Likelihood and Consequences

The probability of a truck accident is about one per
million vehicle miles. It has been estimated that only
one in 100 of these accidents will be severe enough to
damage the casks [13]. The total vehicle miles (rail
plus truck) are estimated to be about 90,000 per year,
so the estimated probability for a severe accident is
0.01 per decade. The severe accidents are assumed
herein to result in airborne releases. The probability
of a fuel assembly being ejected is thought to be too
low to estimate.

It is likely that any severe accident would take place
in a sparsely settled environment, and exposure of
personnel (other than the drivers involved) is likely to
be minimal.*

VI Transportation Accidents—
Weapons

A. Introduction

This section considers transportation of weapons by
aircraft. The accident might involve crash of the air-
craft with a subsequent fire or an accidental dropping
of the weapon. In either case, the high explosive in the
weapon may or may not detonate. In no case will there
be a nuclear explosion.

Table 1 summarizes the environmental factors for
this type of accident in sufficient detail for this sum-
mary report. Therefore, only very brief amplification
is provided below. Reference 1 should be contacted for
more detail.

B. Discussion

There will be no external hazard from the unfis-
sioned weapon material. The only radiation hazard
would result from inhalation or ingestion of plutonium.
Uranium taken internally represents a heavy-metal
poison hazard in quantities less than those required to
be a radiation hazard.

Less than 107 of the plutonium eaten by man is
absorbed from the intestine. Inhalation is a more
probable route of deposition, but once the cloud has
passed, inhalation requires that the plutonium be re-
suspended. This is an inefficient process.

“Soluble” plutonium may be cleared from the lung
within a year or so and will be translocated primarily
to bone and the liver. “Insoluble” plutonium will be
retained much longer in the lung and will be translo-
cated principally to lymph nodes. Plutonium dispersed
in a weapon accident is expected to be in the form of
insoluble oxides.

* The main problem, which could involve a radiation hazard to a
clean-up crew, would result if the cooling system surrounding the
cask is interrupted.



Two accidents of this type are recorded. These are
described in Reference 1 and in more detail in Refer-
ences 14 and 15. The first occurred near Polomares,
Spain on January 17, 1966. A B-52 collided in flight
with a tanker during a refueling operation, and 4
weapons were dropped. One weapon was found on the
beach undamaged, and one was recovered intact from
the sea at a much later date. The other 2 weapons
resulted in high explosive detonations on impact with
the earth. The resulting contamination covered about
650 acres with a concentration of about 5 ug/m® or
more.

The second accident occurred near Thule, Green-
land on January 21, 1968. A B-52 crashed on an ice
floe just off the coast. Snow was falling at the time of
the accident, and the precipitation increased after the
accident. Most of the plutonium sank with the aircraft
debris, and the rest was trapped under the snow and
froze into the ice. This accident was notable in being
the first “field” use of the LRL Field Instrument for
Detection of Low Energy Radiation (FIDLER) survey
meters. This instrument detects the weak 60 keV
gamma from Americium-241, and allows a much more
efficient survey of the plutonium contamination to be
conducted than was possible previously with alpha
survey meters.

Countermeasures after such an accident include
evacuation initially, followed by decontamination. The
latter should include removal and destruction of all
vegetation and plowing under or removing contami-
nated soil. About 5,500 barrels (1,500 yd®) of soil that
were contaminated at levels equal to or greater than
about 460 ug/m’ were shipped from Spain to the U.S.
for disposal.

The worst consequence of such an accident is likely
to be a partial denial of the use of a relatively small
area.

VII Transoceanic Fallout
A. Introduction

This category of incident is also likely to cause only
low-level consequences if countermeasures are taken.
Table 1 summarizes the environmental factors reason-
ably well, so only a brief discussion is provided for
amplification.

B. Discussion

As mentioned in Section II, delayed fallout is that
which falls after 24 hours. It results from that portion
of the weapon debris that is attached to small particles
(less than about 50 uym) from a surface burst, and
essentially all of the debris from an air burst. The
delayed fallout may be divided further into tropo-
spheric and stratospheric, depending on whether or
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not the fireball carries the particles through the tro-
popause. Those particles that are deposited above the
tropopause will be dispersed worldwide and will grad-
ually migrate down to earth over a period of years.
Those particles that are deposited below the tropo-
pause will form a continuous stream stretching from
the limit of the local fallout around the world at about
the same latitude as that at which they are injected.
This latter is the fallout with which we are concerned
here.

The effects on the U.S. resulting from fallout from
a Sino-Soviet war have been examined [16]. Tactical
weapons with yields of a few tens of kilotons would
create the greatest hazard to the U.S. per weapon
exploded. Higher yields would deposit a larger propor-
tion of their activity in the stratosphere, and lower
yields would deposit a larger fraction of their activity
closer to the burst. Furthermore, air burst tactical
weapons will produce more of this type of fallout than
will surface bursts.

The radioactive cloud from a burst over China might
arrive over the U.S. within about five days. The cloud
will then drift across the country, circle the globe and
return. This process will continue over a period of
weeks, and with each crossing of the U.S., some fallout
will be deposited. The quantity of fallout deposited
will be increased significantly each time that rain
occurs through the radioactive cloud.

The main potential hazard from transoceanic fallout
during the first few weeks arises from the ingestion of
1-131, which has a half-life of eight days. Like all
isotopes of iodine, I-131 tends to concentrate in the
thyroid gland. The I-131 can be ingested in water,
milk, meat, grain, and vegetables, or on leafy vegeta-
bles eaten raw; however, it has been estimated that 80
percent of the dose to the thyroid would result from
ingestion of contaminated milk. [16] It has also been
noted that the thyroid of infants with the same daily
intake of contaminated milk would receive about 10
times the adult thyroid dose. Moreover, the thyroid of
an adult is much more resistant to damage by radia-
tion than is that of a young child. Thus, the most
serious consequence of transoceanic fallout is likely to
be a significant increase in thyroid cancer cases (not
deaths) among the young, and particularly among
infants.

The production of contaminated milk could be
avoided by removing dairy cows from pasture prior to
fallout arrival and providing them with clean food and
water. Arrival of fallout is likely to be predictable since
the radioactive clouds of foreign tests are routinely
tracked over the Pacific ocean. If it is not possible to
remove the cows from pasture or if they must be
returned to a contaminated pasture, fresh milk substi-
tutes could be used until acceptable fresh milk is
available. Much of the contaminated milk could be
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processed for later distribution and consumption after
the I-131 activity has decayed away. It may be neces-
sary to limit or divert distribution of milk so that the
needs of the very young in the affected communities
are satisfied.

If precautions are taken with regard to consumption
of contaminated milk, the overall consequences of this
type of incident are not likely to be great.
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Civil Defense and Nuclear Energy*
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Most of the world’s democracies, with the exception
of France and Japan, are experiencing a nuclear mor-
atorium. The United States has ordered no new nu-
clear power plants for about three years; in Austria
the Zwentendorf reactor was completed but was not
turned on; Sweden has decided to reject nuclear power
after the year 2000—the present 12 reactors would be
built and operated, but after that, no more.

This rejection of nuclear energy has been catalyzed
by the articulate and influential energy radicals in the
Western world. They oppose nuclear power because it
is a centralized, electrical form of energy, and because
in their view it is dangerous and leads to proliferation
of nuclear weapons and therefore makes nuclear war
more likely. Insofar as they think about nuclear war,
they seem to sublimate and transform their concern
about nuclear war into an opposition to nuclear en-
ergy. Their strategic stance tends toward the conven-
tional wisdom: an offensive confrontation is regarded
as more acceptable than a defensive confrontation.
For reasons that are not entirely clear to me, this
group strongly opposes civil defense or, more gener-
ally, defensive systems of any kind. Instead, they
accept the principle of mutually assured destruction
(MAD).

I shall try to argue the opposing positions on both
nuclear war and nuclear power: namely, that defense
(including civil defense), not offense, should be the
basis of a stable world order; and that nuclear power
should be used because it makes war less likely, not
more likely.

The doctrine of Mutually Assured Destruction has
dominated the strategic argument in this country for
the last 30 years. As a corollary, offensive weapons are
regarded as being safer than defensive weapons. In-
deed, in the first round of the SALT talks, severe
limits were placed on ABM deployment. MAD (an
acronymn coined by the late Donald G. Brennan) has
been so ingrained in our strategic thinking that anyone

* Presented as banquet address, National Council on Radiation
Protection and Measurements symposium on “The Control of Ex-
posure from Ionizing Radiation in the Event of Accident or Attack,”
Reston, Virginia, April 27, 1981.
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who tries to offer the opposite viewpoint—that defen-
sive weapons kill no one and are therefore “safer” than
offensive ones—is regarded with disdain by the stra-
tegic cognescenti.

About 15 years ago I gave a talk entitled “Let Us
Prepare for Peace” at the Atoms for Peace award
ceremonies. I argued that true disarmament would be
possible only if nations saw no threat from small
clandestine weapons that escaped an inspection sys-
tem. This would be the case only if nations had strong
defensive systems that could deal with such sneak
attacks. Though these views were not well received at
the time, I continue to believe, and preach, the ob-
vious: that defensive systems are less threatening than
offensive systems: 100 million Americans can’t be
killed with Russian ABM'’s or civil defense, nor can
we kill 100 million Russians with an ABM or civil
defense system.

This heresy in strategic doctrine is now being dis-
cussed, among strategic thinkers, as much as anything
because the MAD posture is becoming untenable. As
MX'’s follow MIRV’s, we witness an unending escala-
tion of the level required for “stability.”

Among those who espouse a defensive posture is
Freeman Dyson, the physicist. In his autobiography,
Discovering the Universe, Dyson talks about his ex-
perience as an operations analyst in the Royal Air
Force during World War II. Though he was on the
English side, he gradually acquired more and more
sympathy for the German fighter pilots who were
trying to prevent the Americans and the British from
bombing the German cities. As he puts it, defense is
morally superior to offense: it is the technologists’ task
to make it feasible. Dyson therefore argues for con-
verting the current offensive confrontation into a de-
fensive confrontation. Professor Rosen, of the Harvard
Center for International Studies, on public radio just
a couple of weeks ago has expressed these same views.
And I myself have had private conversations with
strategic thinkers of the MAD school who concede
that if defensive systems could be made sufficiently
reliable, a defensively oriented world would be safer
than an offensively oriented one. Escalation of defense
is not nearly as threatening as is escalation of offense.
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Arms agreements should limit offensive weapons, not
defensive ones, rather than the opposite, as is now the
case.

The ultimate issue is not how many people are going
to be killed in a nuclear war: it is how can we both
maintain our freedoms and avoid nuclear war. Reduc-
ing the likelihood of nuclear war is a far more impor-
tant issue than reducing the magnitude of a nuclear
war. A defensively oriented world is intrinsically less
threatening than an offensively oriented world; a de-
fensively oriented world is less likely to slip into in-
advertent nuclear war than is an offensively oriented
one.

I shall argue that a strong commitment to nuclear
power is also likely to reduce the probability of large-
scale war, and therefore reduce the probability of
nuclear war. All of us are aware of the opposite claim—
that a world committed to nuclear power is a prolif-
erated world; and a proliferated world is much less
safe than an unproliferated one.

We nuclear people have always insisted that nuclear
power is a possibly sufficient condition for prolifera-
tion, but it is by no means a necessary condition. For
example, according to the newspapers, Pakistan is
building a reprocessing plant. It can make bombs from
plutonium made either in its power reactor or from its
research reactor. Its capacity to make a bomb there
does not depend on its having nuclear power, espe-
cially since Pakistan is going ahead with centrifuge
development, a more direct way to nuclear weapons
than is a nuclear power plant.

Nuclear power is an instrument of peace because it
reduces pressure on oil. The energy crisis is primarily
a crisis of liquid fuels. Insofar as nuclear power can
replace oil, it helps stabilize the world order.

The world today uses about 60 million barrels of oil
per day; of that, about 18 million barrels per day came
through the Straits of Hormuz before the Iran/Iraq
war. A nuclear reactor of 1000 megawatts electric
output uses the equivalent of about 25,000 barrels of
residual oil per day. If the world had 1000 reactors
operating now, the primary energy supplied by ura-
nium to those 1000 reactors would exceed the 18
million barrels of oil per day that go through the
Straits of Hormuz. To be sure, the substitution is not
direct, since what would be displaced is residual oil,
not gasoline or other higher distillates. But with an
expenditure of about $10-15 thousand per daily barrel
of capital equipment, refineries could convert the re-
sidual oil into higher distillates. So to speak, residual
oil, made available by conversion from oil-fired to
nuclear power plants, is the best feedstock for a syn-
thetic fuel plant. To make high distillates from coal
requires an expenditure of about $100,000 per daily
barrel. To make high distillates from residual oil takes
only about one-tenth as much.

One country, France, is following this common-sense
approach. By 1990, France will be deriving 30 percent
of its primary energy from nuclear power. It will be
cutting back on its oil imports at that time by about
30 million tons of oil per year. (Because it will be
producing 40 percent of its total energy from non-fossil
sources by 1990, France will be the only country in the
world that in 1990 will be throwing less carbon dioxide
into the atmosphere than it is throwing into the at-
mosphere today. And if all the Organization for Eco-
nomic Cooperation and Development countries moved
to nuclear as aggressively as France is doing, then
concern over carbon dioxide would be pushed some 50
years farther into the future.)

This simple-minded argument cannot be ignored:
substitution of nuclear energy for oil reduces the pres-
sure on oil and therefore reduces the political pressures
that lead first to political instability, then to war, and
possibly eventually to nuclear war. We forget that the
immediate cause of the Japanese attack on Pearl
Harbor was the decision by the United States to
prevent Japan from moving into Indonesia to get oil.
The Japanese entry into World War II demonstrated
how oil can trigger a world conflagration.

I have argued that both defensive systems (includ-
ing civil defense) and nuclear energy, if deployed
widely, would tend to reduce the probability of nuclear
war. I now speculate on whether nuclear energy and
concerns over nuclear energy can be an avenue to a
stronger civil defense; and conversely, whether civil
defense might help remove obstacles to the deploy-
ment of nuclear energy.

First, to what degree has the concern about nuclear
energy generated by Three Mile Island excited interest
in civil defense? Before Three Mile Island, no one in
the utility industry took seriously the possibility of a
reactor accident. After Three Mile Island this possi-
bility became reality. In the wake of Three Mile Island,
people seem to be much readier to do many of the
same things that they would have to do were they to
take civil defense more seriously. Thus at the recently
commissioned Sequoyah reactor, TVA has conducted
a full-scale practice alert. Had Three Mile Island not
happened, I suspect the public would not have coop-
erated in the exercise. I sense, though I cannot prove,
that acceptance by the public of the possibility of a
radiation accident has encouraged a climate of accept-
ance for civil defense.

In reciprocal fashion, familiarity with radiation re-
sulting from successful civil defense ought to make
nuclear energy more acceptable. Consider the hyster-
ical overestimation of the possible radiobiological ef-
fects from a meltdown in a nuclear reactor demon-
strated at Three Mile Island. This hysteria stems from
the public’s inability to distinguish between a micro-
curie and a megacurie. Because people have no sense



of the magnitudes, their fears are out of all proportion
to the actual danger. They take their frustration out
in a rejection of nuclear energy.

A civil defense system such as Switzerland is striving
toward would eventually teach people about radiation.
Everyone will know the difference between 100 milli-
rads and 100 rads; they will understand about geiger
counters; and a public that understands radiation will
not exhibit hysterical fear of radiation. Such a public
will find nuclear energy more acceptable than a public
that does not understand radiation. To summarize,
insofar as civil defense helps educate the public about
radiation, it should make nuclear power more accept-
able. Conversely, insofar as nuclear power heightens
the public’s awareness of the possibility of radiation
mischance, it should make civil defense more accept-
able.

I don’t know whether nuclear energy, which is now
in a state of moratorium, will get started again. I doubt
that there will be another nuclear power plant built in
the United States for at least a half-dozen years. I do
believe that we won’t have a second nuclear era unless
and until the public acquires a more reasonable atti-
tude towards the danger of low levels of radiation.
Though experience with civil defense would bring to
the public a better understanding of the possible haz-
ards of low levels of radiation, and therefore more
acceptance of nuclear power, we cannot wait simply
on civil defense to be the boat on which nuclear energy
will catch a free ride.

That people will eventually acquire more sensible
attitudes towards low levels of radiation is suggested
by an analogy, pointed out by William Clark, between
our fear of very low levels of radiation insult and of
witches. In the fifteenth and sixteenth centuries, peo-
ple knew that their children were dying and their
cattle were getting sick because witches were casting
spells on them. During these centuries no fewer than
500,000 witches were burned at the stake. Since
witches were causing the trouble, if you burn the
witches, then the trouble will disappear. Of course,
one could never be really sure that the witches were
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causing the trouble. Indeed, though many witches
were killed, the troubles remained. The answer was
not to stop killing the witches—the answer was: kill
more witches.

The analogy between our present environmental
hysteria and witch hunting is too close to be taken
lightly. There are many in our scientific community
who know that cancer is caused by low levels of
radiation or other environmental insult, and that
therefore one has to clean up: and if so much clean-up
does not reduce the cancer mortality, you haven't
cleaned up enough. This, of course, is an unending
regress. Just as in the fifteenth and sixteenth centuries
there was an institution, the Inquisition, that was in
the business of extirpating the cause of the difficulty,
so today we have innumerable bodies, both public and
in the public interest, who have a vested interest in
pursuing the unending task of clean-up.

I want to end on a happy note. The Inquisitor of the
south of Spain, Alonzo Frias, in 1610 decided that he
ought to appoint a committee (he didn’t give it a
number like you do here at NCRP) to examine the
connection between witches and all these bad things
that were happening. The committee could find no
real correlation between the number of witches that
were burned and the number of children that died or
the number of cattle that got sick. So the Inquisitor
decided to make illegal the use of torture to extract a
confession from a witch. As a result, the witch-burning
business fell precipitously.

I don’t know whether the modern witch—low level
radiation and the hysteria that is exhibited about
nuclear energy—will be resolved soon enough for nu-
clear energy to play a proper part in avoiding the oil
confrontation. After all, it took 200 years for the In-
quisition to run its course on witches. I only hope that
our attitude towards nuclear energy will become more
sensible long before 200 years have gone by. The
possible alternative—nuclear war sparked by compe-
tition for dwindling oil—is far too horrible to accept,
whether or not we have civil defense.



